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FLOW MjEASURBMENT 



I INTRODUCTION 



Flow measurements are among the , 
more important dati collected dtSlirig 
a water quality ^survey. Such measure- 
ilients areHsed to interpret data varia- 
tions; calcul^e loadings, and expedite 
survey -planning. If the analysis of 
Sjurvey data involves estimation of loads, 
the accurate measurement of discharge 
assumes a level of importance equal to • 
that of laboratory and analytical results. 

In the following discussion, procedures 
tor measurement of stream flow and 
V^tste discharge are described. Some 
of these procedures are used in long- 
-term, very detailed water quality and 
supply studies; othfers are more suited 
to short-term pollution surveys. 



structures may influence stage- discharge 
relationships. Hydrologic variations in , 
stream flow may cause washout or bypass 
of the gauging station. In the Southwest, 
flash floods have been known to wash out 
pr bypass gauging stations by assuming 
different ch^nels of flow. 

Methodology 

Choice^ of a specific measurement pro? 
cedure is dependent upon at least three 
considerations: 



1 The relation-between obtainable and 
(desired accuracy 

2 Overall cost of measurement 

3 The quantity of flow to be measured 



B In accord^ce with-EPA policy, vuiits in 
this outline are expressed in the metric 
system. The equivalent English system 
units appear in parentheses fallowing 

^fee-metric^designation^— Xableg extract- 

^ ed *from ±he literature have been left in 
* the form in which" they were originally 
given. Applicable conversion factors 
, * appear in Section IV of this outline. 

I PLANNING \ 
A Station Location 



Four factors influence location of gauging 
or flow measurement stations: 

1 Survey' objectives, 

2 Physical accessibility 
. 3 ' Characteristics of the stream bed 

4 Hydrologic effects 

Survey objectives represent the major 
ixiflujBncet)n station location; depending 
upoDfObjectives, gauging stations may be 
Iqcated aboye and? or below confluences 
arid Outfalls? * . , 

Physical acceE|$ibility deterniines the,' 
eas^ and cost oi installation and main- 
tenince of th^ station. The characteristics* 
of the stream bed may greafay influence 
th6 obtainable accuracy of measuremer^. 
For' instance, rocjjcy Bbttoms greatly 
reduce the accuracy of current meters, 
Sed^entation in pools behind control 



Ideally) discharge measurements shd%rld 
be reported to a specific degree of accuracy, 
the gauging pisbcedure greatiy influences 
this accuracy^ The. influence of overall 
codt on the gauging program is readily 
—^par ent Extensive, deta iled studies are 
usually characterized by mgh~costs ^or 
automatic instrtimentation and low personnel 
cost; the opposite is usually true for less 
detailed studies. The range, of .flows to be 
measured (within acceptable accilracy) is, 
of course, not known prior'to the survey. 
However, experienced personnel usually 
can make reasonable estimates ot expected 
flows from visual observa*tions and other 
data,, and may recommenc} appropriate 
gauging procedures. In this regard, 
experienced personnel. always should be 
consulted. - ^ , • ^ 

' HI MEA SUREMENT 

*/ 

A Streams, Rivers, and'Open Channels 

1 Current Meter 

The current meter is a device for 
measuring the velocity of a flowing body 
of water. The stream cross section is 
divided into a number of smaller^ sections; 
and the average vel6city in 'each sectipp 
is determined. The discharge is then ^ ' 
found by summing the products of area 
and velocity of each section. 

2 Stage-discharge Relationships 

, Large flows ususily are measured by 
development of and reference to a stage; 
discharge cyrve; this procedure has long 
been used by the U.. S. Geolo/ical Survey 
Sucfi. gauging stations are composed of a 
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control structure located downstream of 
the location of measurement and some 
' type of water level indicator which iden- 
tifies the height of .the water surface 
above a previously determined datum. 

3 Weirs 

A weir may be defined as a dam or 
impediment to flow, over which the' ^ 
discharge' conforms to an equation. 
The edge o^r top surface over which the . 
liquid flows is called the' weir crest. 
The sheet of liquid falling over the Weir 
is called the nappe. The difference in 
elevation between the crest and the 
. liquid surface at a specified location, ^ 
usually a point upstream, is called the 
weir head. Head-dischsirge equations 
based on precise installation require- 
ments have been developed for each 
type of weir. Weirs so installed are 
called standard Veirs. Equations for 
non-standard installations or unusual 
types maybe derived empirically. 

Weirs are iftmple, reliable measure- 
— ment^devi pes an d have been investigated 
extensively in controlled experiments. 
' Thejj are usually installed to obtain 
continuous or semir continuous records 
of dischsurge. Limitations of weirs 
include difficulty during installation, 
potential siltation'in the weir pond, 
and a relatively, high head requirement, 
0. 12 - 0. 61 m (0. 4' - 2. 0 feet). Frequent 
errors in^weir installation include in- 
sufficient attention to standard installation 
requirements and failure to assure com- 
pletely free discharge of the nappe. 

Standard suppressed rpctarjgulAr 
weir 

This type of w^r is essentially a dam 
placed across a channel. The height 
of the crest is so controlled that con- 
struction of the nappe in the vertical 
direction is fuUy developed. Since 
the ends of the weir are coincident 
with the sides of the channel lateral 
contraction is impossible. Th^ weir 
requires a channel of rectangular 
cross section, other special instal- 
* elation conditions, and is rarely used 
ir^ plant survey work. It is more 

commonly used to measure the dis- 
charge of small streams. 



The standard eguation for discharge 
of a suppressed rectangular weir 
(Francis equation) is: - ' 
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Q = 3. 33 LH 
where 

'3 

discharge, m /sec (cfs) 
L = length of the weir crest, rretfers (feet) 
H = weir head, meters (feet) 

The performance of this type of weir 
has been experimentally investigated 
more intensively than that of other 
weirs. Atle^ast'six forms of the dis- 
charge equation are commonly 
employed. The standard supprisssed 
weir is sometimes used when data 
must be unusually reliable. 

b Standard contracted rectangular wpir 

/The crest of this type ot weir is 
./shaped like a rectangular notch 
/The sides^and level edge of the crest 
f are so removed from the sides and ; 
bottom of the channel that contraction 
of the nappe is fully developed in all 
directions. This weir is fommonly 
used in both plant surveys and rneas- 
urement of stream discharge 

I^The standard equation for discharge 
of a contracted rectangular weir 
(corrected Francis equation) is 

Q = 3.33 (L - p.2H)H^^^ ^ 

where 

3 ' • 

Q= discharge, m /sw (cfs) 

L = length of the level crest edge,' ^ 

meters (feet) 
H = weir head, meters {te^ 
0. 2H" = correction for end contractions 
as proposed by Francis 



c Cipolletti weir 

The Cipolletti we^r is similar to the 
contracted rectangular weir except 
that the sides of the weir notch are 
inclined outward at a slope of 1 
horizontal to 4 vertical. Difscharge 
through a Cipolletti weir occurs as 
though end contractions were absent 
and the stEuidard equation does not 
include a corresponding factor for 
correctiorf. 



FLOW MEASUREMENTS 




The standard equation for discharge 
of a 90** triangular weir (Cone 
formula) is 
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' The standard equation 'for, discharge . 
through a CipoUetti weir^f 

^*Q = v3.367 LH^'^' ^ • 

"where * 

3 

Q = discharge, m / sec (cfs) 

L = length of the level crest edge, 
, , meters (feet) ^ " 

H= wJeir head, meters ^(feet) 

The discharge of a CipoUetti 
weir exceeds that of a suppressed • 
rectangular weir of equal crest . 
• length by approximately 1 percent." 

d Triangular weirs 

The crest pf a triangular weir is 
shaped like a V-notch with sides? 
equally inclined from the vertical. 
The central angle of the notch is 
normally 60 or 90 degrees. Since 
the ttiangular weir develops more 
head at a given discharge than does 
a rectangular shape, it is especially 
/ useful for measurement of small or 
» varying flow. It is preferred for 
discharges less than 28 hi Bee 
(1 cfs), is^as accurate as other 
fhapes up to 280 hi Bed (10 cfs), and 
is cbnunonXy used in plant surveys. 



Q = 2.49H 

^ where " 

^ Q = discharge, m^/sec (cfs) 
H = weir head, meters (feet) 

Crest height and head are measured 
tp and from the point of the notch, 
respectively. 

Accuracy and jnstallation 
requirements 

Quotations of weir accuracy express 
the difference in performance between 
two purportedly identical weirs and 
do not include thfe effects of random . 
error in ihpfibsurement of head. Weirs , 
installed ^cording to the following 
specifications should ^neasure dis- 
charge within + 5% of the values 
observed when the previously cited . 
standard equations were developed. , 

1) The upstream face of the bulkhead 
and/or weir plate shall be smootl^ 
and in a vertical plane perpendicular 

' to the axis of the channel. 

2) ' The crest edge shsHI be level, shall 

have a square upstream corner, 
and shall not exceed 2 nun^(0. 08 in) 
in thickness. If the weir plate is 
. thicker than the prescribed crest 
thickness the downstream corner 
of the crest shall Be relieved by a 
45.** cha,mfer. 

3) The pressure under the nappe 
shall be atmospheric.^ TYi^ maxi- 
mum water surface in the Hown- V' 
stream^cllannel shall be at least 

60 ^^nm (0. 2 ft. ) below the weir . 
crest. Vents shall be provided at 
the ends of standard suppressed 
weirs to admit air to the space 
beneath the nappe. « ^ 
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4) The approach channel shall be • 
straight and of uniform cross 
section for a dist'ance above the 
weir of 15 to 20 times the maximum 

I head/ or shall be so baffled that a« 
' normal distribution of velocities 

' exists in the flow approaching the 
crest and the water surface at the 

"^PQint of head measurement is free 
of Disturbances. The cross- 
sectional area of the approach 
channel shall be at least 6 times ^ 
the maximum area of thfe nappe at 
the crest. 

5) The height of the crest above the ( 
bottom of ^he approach channel 

shall be at least twice^ land 
preferably 3 times, the maximum ^ 
head and not less than. 0» 3 m (1 footjj^ 
For the standard suppressed weir 
the crest height shall be 5 times 
the maximum head. The height of 
triaiigular weirs shall be measured 
from the channel bottom to the / 
point of the notch. 

6) There shall be a clearance of at 
least 3. times the maximum head 

, between the sides of the channel . 
a^id the intersection of the maximum 
water surface with the .sides of the 
weir notch. 

7) Fox standaard rectangular suppressed, 
rectangular contracted, and * 

jCipolletti weirs, the maximum head 
shall not exceed 1/3 the. length of 
the level crest edge. 

8) The head on the weir shall be taken 
as th^ difference in elevation 
between the crest and the* water 
surface at a point upstream a ; 
distance of 4 tot 10 times the 
maximum head or a minimum ot 

L 6 m (6 feet). 




9) The head used to compute dis- 
charge shall be the mean of kt 
least 10 separate measurements • 
taken at equal intervals. The 
head range of the measuring , 
device shaU be 6 - 46 cm (0. 2 - 1. 5 feet)* 

The capacities of weirs which conform 
to these specif icaticws are indicated 
in Table 1. 

4 Parshall fli^me 

The Parshall flume is an open constricted 
channel in which the rate of flow is < 
related to the upstream head or to the 
difference between upstreani^nd djwn- 
str^m heads. It consists of art 
entrance section with converging 
verUcal walls and level floor, a throat 
section with parallel walls and flpor 
declining- downstream, and an exit 
section with diverging walls and flocJr 
inclining downstream. Plan and 
sectional views are shown in Figure 2. 
Advantages of the Parshall flume include 
a low h^ad requirement, dependable 
accuracy, large capacity range, and 
self cleaning capability. Its primary * 
disadvantage is the high cost of » 
fabrica^tion; this cost may b^ avoided 
/by use of a prefabricated flume. Use 
of prefabricated flumes during plant 
surveys is becoming increasingly 
popular. 

a Standard equations 

The dimensions of ParshaU flumes 

are specified to insure agreement \ ^ 

-with standard equations. Table of 

dimensions are available from • 

several- sources For flumes 

of 45 cm (6 inch) to 2.4.m (8 foot) throat 

width the following standard equations 

have been developed. 

. f N 

1) 15 cm (6 inch) throat width 
1.-58 



Q 



2106 H 



2) 



23 cm (9 inch) throat width 
1.53 



Q 



3i07 H 



a 
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FIGURE 2 PARSHALL FLUME 
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3) 0. 3 - 2. 4, m (1 to 8 foot) throat 



width^ 

^here 

Q - 



4WH 



1.522W' 



0.026 



W 



.free-flow dischSirge, 
defined as tliat condition 
which exists when the 
elevation of the down- 
stream water surface 
above the crest, H^^, does 
not exceed a prescribed 
percentage of the upstream 
depth above the crest, H^. 
The prescribed percentage 
of submergence is 60 

f percent for 15 J^nd 23^ cm 
6 and 9 inch) flumes ,and 
70 percent 'for 0, 3 2. 4 tn 
(1 to 8) foot flumes 
throat width," peters (feet)' 

lipstream head above the 
flume crest ♦ meters (feetji 



water surface has. already begun 
to^'decline. ; Table 2 indicates the / 
total head requirements of standard 
*Par^all flumes. These losses 

• should be' added to the normal' . 

• channel depth to determine *tl\^ 
elevation of the water surface at 

^r? the flume entrance. No head 

losses ai*e indicated f^discharge- 
throat width combinatrons for which 
is less than 6 cm (0. 2 ft. ) or ^ 
greater than 2/ 3 the~sidewall deptri 
in the converging section. ^ 

c , Accura^jr and inistallation require 
'ments ^ 

\ " " 

A Parshall flume^wiU measure 
discharge within t 5% of the 
standard value if the following 
V conditions are observed. ^ 



1) Xhe dimensions of the flume 
^hall conform to standard 
splcifitations. - ' ^ 

L 

2) The downstream head, K^, shall 

\pot exceed, the recommended 

percentage of'the upstream head^ 

- H . ^ ' i- . 

a ,i 

\ 



b Head lods ^ • ^ ^ 

The head required by sL Parshall • ^ * 

'flume is greajter than (H - H^) 
because Hg^ iajneasuretrat a point ; 
in the conver^g section where the " * " 

_ TABLE 2 HEAD LOSS^IN STANDARD PARSHALL FLUkES 

/ ' ' , * ' UNDfiR FREyE' DISCHARGE 



frDiffcharge ' 



Head Loss, Feet/ in Flume'of Indicated Width 
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3) ^The upstream head shall be 
measured in a stilling well 
connected to the flume by .a pipe 
approxinjately 3^ 8 cm inches) 
In diamexer* 

4) The flume shall be installed ki a 
straight channel with the x:enterline 
Qf the flume parallel to the direction 
of flow. 

5) The flum'e shall be so chosen, 
installed^ or bafflfK fhat a normal 
distribution of velocities exists at 
the flume entrance. * 

» 

5 .Tracer materials 

Techniques, materials, and instruments 
are presently being refined to permit 
accurate measurement of instantaneous 
or steady flow with several tracer 
materials* Measurements are made by 



one of two methods : 



' \ 



a Continuous addition qf tracer • 

b^,Slug injection , , 

With the first mefKbc^ tracer is injected 
into a stream at a continjuous and xmif^tan 
ratft^ with the se</ond a single dose of \ 
trac3§r material is, added. ' Botii methods 
depend oil^ood transverse mixing and 
uniform dispersion throughout a stream'.. 
The concentration of -traper ^Etiaterial ia 
measured downstream from the point 
of addition. When continuous addition 
Is 'employed, flow rates are c^lciilated 
from the equation; 

q . CS^ (Q + q) c ^ i , 

•in. which q = rate of trsf^Sfer addition io 
the stream at concentration, G, Q =/tIie"^^ 
stream flpw rate, and c » the resulting 
concentration of the .stream flow com- 
bined -with the tracer. For the slug 
injection method 



Q 



c At 

'in which Q « the stream discharge, 
S ** \he quantity oif tracer adSed, c :* 
the weighted average concentration'of 



tracer material during its passage past 
the sampling pbint, and At = the total 
time of the sampling period. 
Disadvantages of tracer methods include 
incomplete mixing, natural adsorption 
and interference, and high equipment r 
costs^^ . * / ■ 

♦ ^ 

6 Floats 

♦ 

Floats may bemused to estimate the time 
of travel between two points a known 
distance apart. The velocity so obtained 

^may b#Tfrmltiplied by 0. 85 to give the 
average velocity in the vertical. 

'Knowing the niean velocity and the area 
of the flowing, stream, the discharge ' ^ 
niay be estimated. ^Floats should be 
employed only when ot^er methods are 
impractftal. 

B Pipes and Conduits * ^ • 

1 Weirs and Parshg.ll'tiumes 

/ Weirs and Parshall flumes are commonty 
installed in manholes and junction boxes 
ahd at outfalls to measure' flow in pipes. 
All conditijyis required for measurement 
of open^annel |low must be observed. 

2 Tracer materials 

These methods are popular for 
measurement of pipe flow because 
they dp not require installation of 
equipment o# modification of the flow. 
^ These are especially convenient for 
measurement of 'exfiltration and 
infiltration: 

3 Depth-slope 

If the. depth of the flowing stream and 
^ {he slope of the dewer* invert are known, 
the dj^s charge may be computed by * 
means of any one of several formulas. 

a ' Manning formula 
. n 

where * ^ ^ 

Q = discharge, m*^/sec (cfs) 
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n * roughness coefficient 
2 

A\ » area of flow, m (sq; ft. ) 
. R » hydraulic radius 

' *a area divided by -wetted perimeter, 
m (ft). 

S = slope 
b Che zy^ formula 
Q -'CA'^RS 



discharge, m /sec (cfs) 

friction coefficient 
2\ 



where 
Q = 
C • 

A « area of flc^^ in^(sq. ft.) 
R 3 hydraulic radius , m (ft. ) 

= area divided by wetted perimeter 
S = slope 
C Head Measuring Devices 

Several of the above gaugiag methods re- 
quire the measurement of water level irf 
order that discharge maybe determined. 
Any device used for this purpose must be 
referenced to some zero elevation. For 
example, the zero elevation for weir 
measurements is the elevation of th'e weir 
crest. The choice of method is dependent 
upon the degree of accuracy and the type 
of record desired. 



1 Hook gauge 

The'^hook gauge measures water eleva- 
tion from a fixed point.^ The hook is 
dropped below the water surface and 
then raised until the poiiit of the hook 
just breaks the Surface. This method, 
^ probably will give4he most precise 
results when properly applied, 



2 Staff gauge 



The staff gauge is merely a,gl:aciUated 
scale placed in the water so that eleva- 
tion n^y b^ read directly^'*' -.^ 

Plumb line '-a 



/ 



1 involves measure^nt* of 
from a fixed refere|fce ^ 



This method 
the distance 

point to the water surface, by dropping 
a plumb line until it just touches ^he 
• water surface. / 

4 Water level recorder 

,.JhiB instrument IS used when a contigu- 
ous record of water leveLis desired, A 
float and counterweight are connected; * 
by a steel tape which passes over a 
pulley. The float should be placed in 
a stilling well. A change in water level 
causes the pulley to rotate which, through^ 
a gearing system, moves'^a pen. The pen 
traces watfer level on a chart which i6 
attached to a drum that is rotated by a 
clock mechanism. When properly in- 
stalled and maintained, the water level 
recorder will provide an accurate, 
, continuous record. 

IV Units of Expression 

A Volume 

Preferred metric units are the 
cubic meter (m?) or the liter (L). 
Commonly-useS British* units are 
the gallon (gal. ) and 'the cubic foot ♦ - 
(cu. ft., sec-ft,). Conversion 
factors appear below: 



Multiply — ^ bj; 



To Obtain 



3 

m 


1000 




gal 


3.79 


L 


cu, ft. 


28. 32 


L 


gal 


0.134 


cu. ft. 



To ObtaHn .— > by Divide 
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B Length 



' Preferred metric units are the 
meter Jm), centimeter (cm), and 
. millimeter (mm). Commonly-used 
, British units are the foot (ft, ) and 
the inch (in. ). Conversion factors ^ 
appear below . ' 

<fi ' • 

1 meter = lOQ^cm = lOOa mm 

1 foot = p. 3048 meters . , 
' ft 

1 piet'er.= ^.^8 ft. ^ 

C Flow, Flow Rate. Discharge 

* All of these terms are commonly 
used to refer to the volume of liquid 
passing a point in a selected time 
interval. Flow is often expressed 
in these units. 

MetAc British 

m^/sec Gallons per minute (GPM) 

L/sec Million gallons per day 

(MGD) 

Cubic feet per second ^ 
(cfs, sec-ft) . 

Conversion factors are: 
* • 

p- To Obtain * 



D 



IVfciltiply — ^ bj^ ^ — ^ 
m^/sec 1000 
G3PM ' 0.063 
MGD "43.82^^'' 
cfs ^ 2^.32 , 

To Obtain by 



L/sec 
L/sec 
Xi/sec 
_^^L/sec 
Diyide 



Weights of constituent^ being parried 
in a liquid flow can be 'calculated 
using tile following equations. 

Kg/ day = MGD x mg/L x;3. 79 ^ 
. L/sec X mg/L'x 8. 64 x 10 



A CKNOV^LEDGMENT: 

Certain portions of this outline contains 
training material from pri6r butlines by 
P.E. Lahgdon, A.E. Becher, andP.F. ^ 
•Atkins, Jr. 

REFERENCES 

1 Planning and Making Industrial Waste 
Surveys - Ohio River Valley Water 
Sanitation Commission. 

2, Stream Gauging Procedure. U.S. Geological 
Survey. Water Supply Paper 888. /1943) 

3 King, H.W. Handbook of Hydraulics. 
' 4th Edition, McGraw-HiU. (1954) . 

4. Water Measurement Manual. Aiited 

States Department of the Interio;:' " ^ . 
Bureau of Reclamation.' (1967) 



This, outline was prepar.ed by F. P. Nixon 
Former Acting Regional Training Officer, 
Northeast Regional Training Center and 
revised by Charles ,E. Sponagle, OWPO, . ^ 
USEPA, National Training and Operational 
Technology Center, Cincinnati, Ohio 45268 

♦ 

Descriptors; Chezy Equation, Discharge 
Measurement, Flow; Flow Measurement, > 
Flow Rates, Flumes, Mannings Equation, 
Open Channel Flbw, Pipe Flow, Streamflow, 
Venturi Fiumels, Water Flow, Water Level 
Recorders, Weirs 



SAMPLING IN WATER QUAUTY STUDIES 
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INTRODUCTION 
Objective of Sampling 

✓ 

1 Water qilaHty characteristics are not 
uniform from one body of water to 
another, from pldce fo place in a. 
given bocfy of water, or even from time 
to time at a fixed location in a given* 
body of water, A sampling program 
should recognize such variations and ^ 
provide a basis for interpretation of 
their effects. 

^ 2 The piurpose of collection of samples is 
the accumulation of data which can be*' 
used to interpret the quality or condition _ 
of the water under investigation. Ideally, 
the sampling program should be so de- 
signed that a statistical confidence 
^ limit may be associated with each « 
element of data, 

Water^quality surveys are undertaken 
for a /great variety of reasons. The 
overall objectives of each survey greatly 
influence the location of sampling 
stations, sample type, scheduling of 
sample collections,' and other factors, 
Tl^is influence should always beJcept in 
mind during planning of the survfey^ 

The sampling and testing program sholild 
be established in accordance with princi- 
ples which will permit valid interpre- 
tation. ' . 

a The collection, handling, and testing 
of eaqh sample should be 'scheduled 
and conducted in such a maimer as 
to assure that the results will be 
truly representative of the sources 
of the in^vidual samples at the time 
and place of coUeckon; 

b The locations of sampling stations" 
and the schedule of i^mple coUeCtiotls, 
fox* the total sampling program should 



. be established in^such a manner that 
' the stated investigational objectives 
will be met; and 

- * c Sampling should be sufficiently 

repetitive over a period of time to 
provide valid data about the condition 
or quality of the water . . * 

B Sample Variations 

Interpretation of survey data is based on 
recognition that variations g^ill occur in 
results from individual samples. While 
it isj^yond the scope of this discussion * 
to consider the implications of each in 
detail, -the following can be identified as 
factors producing variations in data and 
shoW be considered in planning the 
sampling program. 



1 Apparent Variations 

a Variations of a statistical nature, 
due to collection of samples from 
the whole body of water, as con- 
trasted with examination of all the 
•water in the system. 



Variations due to inherent precision 
of the analytical procedures. * 

Apparent variations are usually 
amenable to statistical analysis. 



2 'True Differences 

a Variations of a cyclic nature 

Diurnal variations, related to alter- 
nating periods of sunlight and 
darkness. 

Diurnal variations related to .waste 
discharges from communities. 
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' Seasonal variations; related to . 
temperature and its sul^eqUent ^, 
effect^ on chemical and, biaHogical 
processes and interrelationships* 

« 

Variations due to tidai influenpes, 
in coastal and estuarine waters.^ 

r V ^ 

b Intermittent variations . ' 

Dilution by rstinfall and runoff.- 

Effects of irregular of intertnittent 
discharges of wastewater, such as * 
. **slug8*' of industrial wastes. 

Irregular release of water from 
impoundments, as from power 
plants. 

c Continuing changes in water quality 

\. 

Effects downstream from points .of . 
coi^tinubus release of waBtewater. 

Effects of confluence with other 
bodies of water. 

Effects of passage of the water 
through or over geological forma- 
tions of such chemical or physical 
nature as to alter the characteristics, 
of the Water. 

Continuing interactions of biologfcal, 
p^iysical, and chemical factors in 
the water, such as in the process of 
natural self-purification following * 
introduction of organic contacpinants 
in a body of water. 



n LOCATION OF SAMPLmO STATIONS 
A The Influence of Survey Objectives 

Much of the sampling design will be 
governed by the stated purpose of the 
water investigation. As an example of 
how different objectives might influence 
sampling design, consider a watercourse 
with points A and B located as indicated 
in Figure 1. ' , ^ 



A 

In- 



flow 



B 



Figure 1 



Point A can be the point of discharge of 
wastes from Community A. Point B can 
be any of several things, such as an intake 
of water treatment plant supplying Com* 
munity B, or it might be thfe place where 
tixe river crosses a political bqundary, or 
it may-be the place where 'the water is 
subject to some legitimate use, such as^ 
for fisheries or for recreational use. 

1 Assume that the objective of a water 
quality investigation is to determine 
whether designated standards of water 
quality are rtfet at a water plant intake 
at Point B. In this case, .the objective 
only is co^icerned with the quality of the 
water as it is available ^t Poii\t B 
Sahipling will be conducted only at 
Point B. 

2 Alt^nately^ consider that there is a 
recognized unsatisfactory water miality 
at Point B, and it is alleged that uiis 

is due to discharges of inadequately 
treated wastes, originating at Point A. 
Assume that the cliarge is to investigate, 
this allegation. 

In this case the selected samplings ites 
will include at least three '^lemenls: 



At least one sampling site will be 

cated upstreani from Point A, to 
establish base levels of water quality, 
and to check the possibility that the' 
observed conditions actually originated 
£tt some point upstream from Point A. 

A site, or sites must be located down- 
stream from Point* A. S^ch a site 
shoifld b0 downstream a sufficient 
distance {o permit adequate mixing in 
the receiving water. 

"I 

Sampling- would be necessary at Point 
B in order to demonstrate that the 
water quality is in fact impaired, and 
that the i|npairment is due to influences 
traced^from Point A. 
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B Hydraulic Factors • • t 

I Flow rate and direction 

a In a survey of an e;ctended body of ■ 
water it is necessaVy to determine 
the rate and direction of water moye- 
tnent influences selection of sam- 
pling sites. Many workers plan 
sampling stations representing not' 
less than ther^^istance water flows 
in a 24-*hour period. Thus, in 
Figure 1^ intervening sampling 
stations would be selected at joints 
representing the distance wa'ter 
would flow in about 24 hours. > 

In a lak§ or impoundment direction 
of flow is the major problem influenc- 
ing selection of sampling statibns. 
Frequently it is necessary to estab- 
lish some sort' of grid network of 
stations in the vicinity of the sus- 
pected sources of pollution. ^ 

*c 'In a tidal estuary, the .oscillating 
nature of water movement will re- 
quire establishment of salnpling 
stations in both directions froQn 
suspected sources of p511ution. 



2 Introduction of other ^ater 



In situations in which a streHMi being 
studied is joined by a^th^ strean) 
of significant size and character, 
sampling stations will be -located 
immediately above the extraneous 
stream, in the extraneous stream 
above its point of juncture .with: the^ 
main stream^ and in the^xxxain 
stream below the point of junctur; 

Similar stations "will be neede^ 
respect to other water disc 
such as from industrial outla 
other communities, or otnei/ instal- 
lations in which water is iiitroduced 
into the main stream 



used in stream surveys. .This 
usually as near the surface of the ' 
water, in the main channel of flo^. 

In some streams *m^ixing does, not 
occur quickly, and introduced water 
moves downstl^eam for considerable 
distances below the point of •con- 
fluence with the main streams-; 
Example- Susquehanna River at . 



3 Mixing 




Wherever possible, one sampling 
point at a sapr^sle collection site is 



Harrisburg^ where 3 such streams 
are recognizable in the main river. 
Preliminary survey operations * 
should identify such situations. 

When necessary, collect separate 
samples at two or mor^ pomts 
across the body of water 

Similarly, vertical mixing may not 
(be rapid. This is noted particularly 
"^in tidal estuarieja, where it may be 
necessary to make collections both 
from near the bottom and hear the 
surface of "the water. 

Collection of multiple samples from 
a station requires close coordination 
with tne laboratory, in terms of the 
nunriber of samples that can be 
mined. ^Some types of samples 
be composited. The decision \ 
be reached separately for each 
ype df sample! 

es of Analytical Procedure 

Samples collected for physical, chemi- 
cal, and<bacteriological tests and 
measujrements may be collected irom 
the'saxhe series of sampling stations. 

2 Sampling stations selected for biological 
(ecological) investigation require 
selection of'^a series of similar aquatic 
, habitats (a series of .riffle areas, or a 
series of pool aj:eas, or both), The ^ ^ 
sites Used by the aijuatic- biologist may 
or may not, be compatible^with those 
• used for the rest oifthe survey., Accord- 
ingly, in a given streai?) survey,, the 
stations used.by.the aquatic biologist 
tBuall^ are somewhat different from thp 
stations used for other examinati'^ns. 
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O . Access to Saropling Stations 



For practical reasons, the sampling site 
sbould be easily reached by automobile if 
a stream survey, or by boat if the survey 
is on a large body of water. Hi^way 
bridges are particularly useful* if the 
sample collector can operate in safety. 



FACTORS IN SCHEDULING OF SAMPLING 
PROGI^MS 



A Survey Objectives 



B Time of Year 



In short-term water quality 'investiga- 
tions, particularly in pollution 
investigations, there often is need to 
demonstrate the extremes jof pollution- 
effects on the aquatic en^^onment. 
For this reason, many short-term 
surveys are conducted during the 
warmer season of the year, at such 
times as the water flow rate and 
volume is at a minimun^ and there is 
minimum likelihood of extensive 
raxafall. 



2 'In a long-term investigation, sampling 
typically is conducted at all seasons 
, of the year. 

e Daily Schedules ^ 

As shown in an introductory paragraph, 
•wate** quality is subject to numerous 
cyclic or intermittent variations. ScheTd- 
. uling of sample collections should be de- 
signed to fe veal suc h variations. 

"1 In short-term surveys it is common 
practice to collect samples from each 
sampling sijte at stated interyals^rough 
the 24-hour day, continuing ihe program 
for 1 - 3 weeks i Sampling at 3-hou.r 
' Intervals Is preferred by many workers, 
though practical considerations may re* 
quire extension to 4- or even 6-hour 
Intervals. ; 



2 In an extended siirvey there is a ten- 
dency toxollect samples from each 
site at not more than daily intervals, 
or even longer. In such cases the 
hour of the day should be varied through 
the entire program, in order that the 
final purvey show cyclic or intermittent 

^ variations if they exist. 

3 In addition, sampling in tidal waters 
requires consideration of tidal flows. 

If samples are collected but once daily, 
many workers prefer to make the t*ol- 
^- lect'ipns at low slack tide. * 

4 In long-term or any other survey in ^ 
which only once-daily samples are. 
collected, it is desirable to have an , 
occasional period of , around-the-clock 
sampling*. 

IV SAMPLE COLLECTION 
A Types of "Samples 

1 '^Gl'ab" sample - a grab sample is usually 
a manually collected single portion of the 
wastewater or stream water. An analysis 
of a grab sample shows the concentration 
of the constituents in the water at the time 
the sample was taken . 

2 "Continuous" sample - when several points 
are to be sampled at frequent intervals or 
when a continuous record of quality at a 
given sampling station is required, an 
automatic or continuous sampler may be 
employed. 

i a Some automatic samplers collect a ^ 
given volume of-sample at definite time 
intervals, this is satisfactory when the. 
volume of flow is constant. 

b Other automatic samplers take samples 
at variable rates in proportion to chang- 
ing rates of flow. This type of'^sampler 
requires gome type of flow measuriag 
device. , . * - 
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3 ;"Compo8ite" sample'- a composite 
sample is the'cbllection and mixing 

. together of various individual samples 
based upon the ratio of the volume of 
flow afrthe tim6*the individual samples 
were taken, to the total cumulative * 
volUrfte of flow. The desired composite 
period will dictate the magnitude of the 
cumulative voluhie of flow. The more 
frequently the samples are collected, 
the more representative will be the 
composite sample to the actual situa- 
tion. Composite samples ma^ be 
obtained by; 

a Manual saippling and volume of flow 
determinatibn made when each sam- 
ple is taken. 

b Constant automatic sapipling (equal 
volumes of sample takexj each time) 
with flow determinations miade as 
^ach sample is taken. 

c Automatic sampling which takes ^ 
samples at pre-;determined time 
intervals and the volume of sample 
taken is proportional to the volume 
of flo^y at any given time. 

Type of Sampling Equipment 



1 Manual sampling 



Equipment is specially designed 
for collection of samples from^ the 
bottom mufis, at various depths-, 
or at water surfaces. Special 
designs are related to protection of 
K sample integrity in terms of the 
water characteristic or fcomponent 
being measured. / 

For details of typical sampling equip- 
ment used in water quality surveys, 
see outlines dealing with biologies^, 
bacteriological, and^ chemical tests 
in this nrianuaf. 

Manual samftling equipment has 
very-broad application in field work, 
as great mobility of operation is * 
possible, at low^r cos^ than may be 
Rossible with automatic samplinj^ ' • 
equipment. ' • 



2 ^^Automatic samplin^quipment 

Automatic sampling equipment has 
several important advantages over; 
manual niell^ods. Prdbably the most 
img5y?4«J!rconsid^^fenn is the reduction 
m personnel requirements resulting 
from the use of this eSp^pment. It 
also allows more frequent sampling 
than is practical manually, and elimi- 
nates many of the human errors in- 
' herent in manual sampling. ^ 

Automatic sampling equipment has 
some disadvantages. Probably the 
most important of these is the tendency 
of many automatic devices to become- 
6Togg^d v\/^.en liqmui high in solids are 
* being sampled, [n using automatilb 
samplers, sampling points are ''ixe?^ 
which results in a certain lossW 
mobility as compared to manual 
methods • 
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Automatic Sampling equipment should 
not be used indiscrithinately; some types 
•of samples r notably bacteriological, 
biological, and DO samples - should 
not 'be composited. Jn cases of doubt, 
/ the appropria^^ analyst should be 
consulted. 

V some; considerations in sampling 

OPERATIONS 

All procedures care and handling pf samples 
between/collection and*^the performance of 
observations and testate directed toward 
. maintaining the reliability of the sample as an 
f^dication of t)^ characteristics of the sample 
"source. ' 

A Sample Quantity ' • 

1 Samples for a series of chemical 
analyses require determination of the 
total sample volume required for all ' 
the tests, and should include enough 
sample in addition to provide a safety 
factor for laboratory errors or acci- 
dents. Many workers ^collect ctbout 
^ twice th^ amount of sample actually 
required for the chemical tests. As 
* ^ a rule of thunib, this Is on the ordei* 
6X^2 lite;:s. ♦ * ' . « 
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2 Bacteriological samples, £n"general,- 
ai^e collected in 250 - 300 "ml sterile 
bottlfes; approximately !l50 - 200 ml of 
Samples is adequate in practically* all 
'cases. •* yr 

B Sample Identification 

i Sample identification must be main- 
tained throughout any survey. It is 
vjltal, therefore, that adequate records 
be made of all information relative -to 
^e source of the sample and conditions 
under which the, collection Vas madei 
All information must be clearly under- 
standable and legible. 

2- Every sample Should be identified by 
means of a tag or bottle marking, • 
firmly affixed to the sample bottle'. 
Any written material sliould^e with 
indelible m^rkin^* mater ial.\ 

3 Miiiimum information onthersample*" 
label should include identification of ^ 
the sample site, date and time' of col-* 
lection, andxidentification of the 

individusil collecting the sample. 

> 

4 Supplemental identification of samples 
■is strongly recommended^ through 
maint^ance of a sample colle^ion / 
logbook. If not included on the sample 
\Ag (some prefer to duplicate suchMnfor- 
mation) the logbook can show not onl^ 
the samf)le site and date and hour of 

— n1 collection, but also the results of any" 

\ tests n}ade on site (J^^Tch as temperature, 
'^^--^ pH, . dissolved oxygen^r*^^]^ addition, tlje 
' lo^ook should provideJE^ notation of 
any unusual observations made at the 
sampling site, such as rainfall, direc- 
tion and strength of unusual winds; or 
evidence of disturbance of the collection 
site 'by human or other anipial-activity.«» 

C Care and Handling of Samples 

1 As a geneWl policy, all observations 
and tests snotil^c^*^einiade as sog|^ as . 
• ' possible aifer sajuple collection, 

■ 1 ■ 



a Some measurements require perfor- 
mance at the sampling site, such as 
telmperattire, pH, dissolved oxygen, 
chlorine, flJlW rate, etc. 

b Some tests are best macje at the 

sampling site because the procedures 
are simple, rapid, and of acceptable 
accuracy. These may include such 
♦determinations as.cpnductivity . 

c Some additional determinations, such 
as alkalinity, hardness, and turbidity 
may be made in the field, provided 
that ease, convenjience, and .reliability 
^ results are acceptable for the pur- 
poses of the study 

Samples to be analyzed in the laboratory 
requir^-^pecial protection to assure that 
the quality measured in the sample repre- 
sents the condition of the source Many 
samples, especially those subjected to 
fciological analysis,' require special pre- 
servation, protection, and handBng pro^ 
cedures. In case of doubt, the appropriate 
an|Qyst should be'consulted. iMost com- 
mon procedures for -sample protection 
include : , - . / • 

a Examination within brief time after 
collection.'* 

b Tempers^ture CQntrc*. 

c Protection from light'. - e 

d Addition of preservative diemicals. 

Applications of- these sample protective • • 
procedures are along the following 
lines: ' - * 
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3/ Early exarhin^tion^of sample 

' Applicable to all types of samples. * 

4 Ten^rature control 

a All biological material^ .for examina- 
tion in a livihg state should be iced 
between collection and examination. 
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Bactetiol6gical sanfcles should'^be 
iced (hiring a maxiiJium transport 
time of 6 hours. Such samples should . 
be refrigerated upon rBceipt in the 
laboratory and processed within 2 hours. 

c Oiemical samples often require 
. icing * ^ 

Preservation by refrigeration at 4°C 
is recommended for acidity, alkalinity, 
BOD, color, sulfate, threshold odor, ' 
and other sanjples. Holding times vary 
Qtiick freezing will permit retention 
oi many samples for up to several 
months prior to laboratory examina- 
tion. 



b^ Samples for1:>iolo^cal exanunation 
should be protected by chemical 
additives only under specific 
direction of the principal biologist 
in a water qualify stuc^ 

c For chemical te^s, preservatives 
are useful^ojp a number of water 
compoheii^. Specific instructions 
for the 't)reservation of a number of 
chemical constituents are. given in 
reference (4). * 



5. "Protection from light 

' a Any constituent of water which may 
be influenced by physiochemical 
* reactions involving light should be 
protected. DO samples brought to 
the iodine stage, .for example, should 
* • be , protected from light prior to 
* , titration. , . — ^* 

)3 In addition, any water constituent 
"(such as dissolved oxygen) which 
may be influenced bj" algal activity ' - 
should be protected from light. 

\6 Addition of chemical preservatives 

,->a Bacteriological samples never 
should be ''protected'^ addition 
of preservative agjepts. The only 
permissible chemical additive is 
sodiimi thiosulfate^!Wjhich is used 
to netitralize free residual chlorine, 
if present, and which is added to the 
sampling bottte before sterilization. 
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1 Standard Methods for the Examination 

of Water and Wastewater. APHA. , 
14th Ed; 1975, ^ 

2 Plaxming and Making industrial Waste 

Surveys. Ohio River Valley Water 
Sanitation Uomnoissioiu 

\ 

3 * Industry's Idea Clinic^ - Journal of the 

Water Pollutioil Control Federation 
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4 Methods for Chemical Analysis of Water 

•and .Wastes,- 1979* USRPA, 
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This, outline was prepared by H. L. Jeter, 
Former Director, National Training Center, 
USEPA, OWPO, Cincinriati, Ohio' 45268 and 
P# P. Atkins, Jr., former Sanitary EInginefer, 
Training Activities, and revised by 
Charles E.-^Sponagle Saiiitkry EIngineer, National' 
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I planning a sampling program v.^/-^ 

A Factors to Consider: 

1 Locating sampling sites 

2 Sampling Vl|lipment 

3 " Type of sample required 

* *^ grab * 
b composite 

.4 Amount of sample required ^^i 

-^5 Frequency of collection 

6 Preservation measures, if any 

B Decisive Criteria ^ — v 

1 Nature of the. samp lA s ounce 

2 Stability of constituen^twHo be measured 

3 Ultimate' use of data 

n liEPRESENTATIVE SAMPLES 

« 

If -a sample i^ to provide meaningful and 
valid data about the parent population, it 
must b e representative of the conditions " 
existing in that parent source at the 
sampling location. 



.A The container should be rinsed two or ^ 
three* times with the water to be Collected. 

B Composltjag Samples 

1 ¥ot some sources, a composite of 
samples is made which will represent 
the average situation for stable ^ 
constituents. *^ 

I ' ' < I - 

■ . . 2 The mature of the constituent to be 

determined may. require a series of 

^ separate sampKs, ^ v * ' ' 



The equipment used to collect the sample 
is an important factor to consider 
ASTM^^' has a detailed section on various 
sampling devices and techniques. 

Great care must be exercJised when 
collecting samples in sludge or mud areas 
and near benthic deposits. No definite 
procedure can be given, but careful 
effort should be made to obtain a rep- < 
resentative sample. 



in SAMPLE IDENTIFICATION ' . 

A Each sample must be unqfiistakably 

identified, preferably with a tag or label. 
The required information should be planned 
in advance. 

B An information form preprinted on the 
tags or labels provides uniformity of 
sample records, assists the sampler, and 
heips ensure that vital information will 
not be omitted. 



Useful Identification Information includes: 

1 s£unple identity code 

2 signature of sampler 

3 signature of witness 

4 description of sampling location de- 
tailed enough to accommodate repro- 
ducible sampliiig. (It may be more 
convenient to recor/i the details in the 
field record bdok).^ 

5 sampllng^equippient used 

6 date of collection 

7 time of Collection 

8 type of saniple (grab or composite) 

9 water temperature ^ 

10 sampling conditions such as weather, 
water level, flow rate of source, etc. 

11 any preservative additions or techniques 
12' record of any determinations doneijLn 

the field 

13 type of analyses to be done in' laboratory 
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IV SAMPLE CONTAINERS 



A Available Materials 



1 glass * . * , 

2 plastic 

3 hard nibber 

B- Considerations 

1 Natiire of the sample - Organics 
attack polyethylene^ ' 

2 Nature of coofltiLtuent(») tcrbe determined . 

- CatiODB can adsorb readily oh' some 
plasllccrand on ce^ain glassware. 
Metal or alumlntim toil cap liners can 
interfere with metal analyses. ^ 

3 Preservatives, to be used - Mineral 
acids attack some plastics, 

^ 4 Mailing Requirements - Cohtc^ners 
should be Igurge enough, to allow egctra 
volume for effects of temperature 
changes during transit. All caps 
should be securely in place. Glass 
containers must be protected against 
breakage, ^yrofoam linings are 
useful for protecting glasswarfe. 
s 

C Preliminary Check 

Any question of possible interferences 
related to the sample <:^ontaiher should 
be resolved before the stucfy begins. A 
preliminary check should be made using 
corresponding sample materietls^ con- 
t£d^ers, preservatives and analysis. ^ 

D Cleaning 

If new containers are to bemused, prelim- 
inary cleaning is usually not necessary. 

If the sample containers have been used 
previously, they should be carefully 
cleaned before use. 



Phosphate detergents shoul d not be 
used to clean containers for phosphorus 
samples* 

Traces of dichromate cleaning solution ' 
w£ll' interfere with metal analyses. 



E Storage 



Sample containers should be stored and 
transported in a n^anner to assure their 



readiness for use. 



V SAMPLE PRESERVATION 



Every effort should be made to achievfev 
the shorted possible biterval between ^ 
sample poUection and analyses. If there 
^ must be\a delky s[nd it is long enough to 
' produce-^sSigxyficant changes in the sample, 
preservatioil measures are required. 

At best, however, preservation efforts 
can only retard changes* that inevitably 
continue' after the sample is removed 
from the parent population. * * 

A Functions 

' Methods of preservation are relatively 
limited. The primary functions of those - 
employed are: 

1 to retard biological action 

2 to retard precipitation or the hydrolysis 
' of chemical compounds and complexes 

3 to reduce volatility of constituents 

B General Methods 

1 pH control - This affects precipltatibh 
of Q^etals^ salt formation and cam 



inhibit bacterial action.' 



2 CHemical Addition - The choice of. 
chemiqal depends on the change to^be 
controlled. * r/.. - 



There are several clesming methods 
dvailable. Choosing the best method in- 
volves careful consideration of tjie nature 
of the sample and of the cbnstituent(s) to 
be determined. 



Mercuric chloride is commonly used 
as a bacterial inhibitor. Disposal of 
the mercury- containing samples is a 
problem and efforts to' find a substitute 
for'this toxicant are xmderway. 
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• To dispose of solutions of inorganic 
mercury salts, a recommended 
procedure is to capture and retain the 
mel^cury sajts as the sulfide at a high ' . 
y pH. Several Hrms have tentatively 
*^gEeed to accept the mercury sulfide for 
Ae-processing^ after preliminary con- 
' ditions are met. 

3 Refrigeration and Freezing - This^ 
the bestprese^vation technique avail-, 
^le, but not applicable to all 
types of sai|iples. It -is not' always a 
practical technique for field operations. 



C Specific Methods 



i(2) 



" The i;PA Methods Manual includes a 
table summarizing the holding times and 
preservation techniques for several 
.analytical/pro^cedures. This information 
also can be found in the standard refer- 
ences ( 2, 3) part of the presentation 
of the* individual procedures. ^ 

D Federal Register Methods 

When collecting samples to be ansdyzed 
for National Pollutant Discharge Elimi- 
nation System or State Certification 
report purposes, one must consult the 
appropriate Federal Register(^) for 
information about sample handling pro- ^ 
cedures. When collecting samples to 
be analyzed for compliance with tnaximum 
contaminant levels in drinking water, 
consult the EPA Report^^^ which includes 
this^information. r 



VI METHODS OF. ANALYSIS * 

Standard refe^rence books of ansDytical * 
-^piioeedures' to determine the physical 
and chemical characteristics pf vccrious 
types of water samples are available. 

A EPA Methods Manual * 

■ 

''ilie* Environmental Monitoring and 
•Si^pport Laboratoiy o{,the Enviromndntflia 
4 Prf>tec^on Agency, publlshe<| aj • 
/ ^ m^ual^bf analytical procedures to 
. provide methodology for mo^ljorin^ the 



quality jof our Nation's Waters and to deter- 
mine the impact pf wa43te*dipcharges. The 
title of this^manual is "^Methods for Chem-^ 
cal Analysis of Water and Wastes. "(2) 



" ,For some tests, this manual refers the . 

analyst to Standard Methods and/or"ta 
- ASTM for the stepwise procedure. 

B Standard Methods 

The American Public Health Association, 
the American Water Works Association 
..and the Water Pollution Control Federation 

* prepare an^ publish a volume describing 
methods of water aixalysis. These include 
physical and chemical procedure^* Hie 

, title of this book is "Standard Methods^ 
for the Examination of Water and Waste-, 
.water. "<3) , 

: ASTM Standards 

' " The American Society for Testing and 

• Materials publishes an annual "book ' 
"Of specilications and^ methods for testi^ig 

materials.. The '^^ok" curr^ntl^on- 
sists of 47 paHs^- part g^glifatele ^ , 
to water is a book ti^l^» "Annustl Book 
of ASTM Standards"; Part 31, Water. 
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D Other References 

^ Current literature and other books of 
analytical procedures with related in- 
formation are available to the analyst. 

E Feder^Q Register Uletbocfology 



The analyst must consult the appropriate * 
Federal Register for a listing .^f approved 
methodology if he is gathering data for^. 
NationaLPollutant Discharge Elimi^tioa 
System^ ' or State Certification^^) report^ 
purposes^ or to document compliance 
T^ith maximum contcmoinant levels in 
drinking water(7)^ The Federal^ Register 
directs .the user to pages in the 'above 
cit^d reference books where acceptable * 
procedures can be jfound.- The Federal 
Register also prpvides information con- 
cerning the protocol for obtaining approval 
to use analytical procedures other tiian 
those listed* ^ ^ ^ 
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Vn ORDER OP ANALYSES 

The ideal situation is to perform all 
^ analyses shortly after sample collection* 
to^to^ practical order, this is rarely 
pslilble/ The allowable holding time 
for preserved samples is the basis for 
scheduling analyses. 

A The allowable holding time for samples 
depends on the nature oiftixe sample, the 
stability 'Of the constituent(s) to be deter-* 
mined and the conditions of storage. 

1 For som^ constituents sind physical 
values, immediate determination is 
required,^ e.g. dissolved oxygen, pH. 

2 Using preservation techniques, the 
holding'^times for other determinations 
range from 24 hours (BOD) to 7 days 
(COD). Mdteils may be held up to 

6 months^ 



^^rai REQORD KEEPING v 

f 

The importance of maintaining a bound, 
legible record of pertinent inforxnatipn 
on samples cannot be over-emphasized* 

A Field Operations 

A botmd notebook should be used. Infor- 
, mation that should be recorded includes - 

1 Sample identification records (See 
Part m) 

2 Any information requested by the 
analyst as significant 

3 Details o{ sample preservation - 

4 A complete record of data on, any 
determinations done in the field. 
,(See B, next) 



3 , The EPA Methods ManW^)" and Standard* 

Methods(3) include a table sunamarizing 
holding times stnd' preservation techniques 
for several analytical procedures. Addi- 
^ tional infonnatfon can be found in the 
standard references 2, 3) part of 
the presentation of the individual pro- 
cedures. 

4 A tab^e with proposed holding times and 
preservation techniques applicable to 
samples collected for National PoUu^t 
Discharge Elimination System or State 
Certification purposes was published in 
the December 18, 1979 Register^^^. A 
similar ta^le for drinking water san^les 

can be found in a May, 1978 Repprt^^. 

• * 

5 If dissolved cttQcentrations are sought, 
filtr^cm shotfld be done in the field if 
at aU pol^ible. Otherwise, ,^|e sai^le 

is filtere^^s soon as it iff r^^ved in % 
the laboratoW, A 0.45 micrometer 
membrane filter is recommended 
for reproduclbi^* filtration. 

The time interval between collection and 
analysis is important and should be re- 
corded in the laboratory record book. 



i 
B 
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5 Shipping details and records 

Laboratory Operations 

Samples should be logged ixx as soon as ' 
received and the analyses performed as 
soon as possible. 

A-4}2und notebook should be used. Pre- 
printed data forms provide uniformity of 
records and help ensure that required 
information will be recorded. Such sheets 
should be permanently bound. ^ 

ItemQ in the laboratory notebook would 
include: 

1 sample identifying code 

2 date and time of collection 

3 date and time of analysis 

4 the analytical method used 

5 any dievlationB from the anatytical \ 
method used ando^hy this was done' 

6 4ata obtained during; analysis 

7 results of qjxality control checka on 
. the analysis 

8 any information useful to those who 
interpret and use the data 

9 signature of the anstlyst 
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DC SUMMABY 

Valid data can be obtained only from a 
representative sample^ unmistakably 
identified, carefully collected and stored. 
A skilled analyst* using approved methods 
of analyses and perfomdng the determina- 
tions within the prescz^bed time limits, Qan 
produce data for the sample. This data 
will be of value only if a written record . 
exists to verify sample history from 
the field through the laboratory* 
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IX' SUMMARY . 

Valid data can be obtained only from a repre- 
sentative sample, immi^kably identified, 
carefully collected and stored. A skilled 
analyst* using approved methods of analyse^ 
and performing the determinations within 
the prescribed time limifts. can produce data 
for'' the sample. This data will be of value 
only if a written record exists to verify sample 
history from the field through the laboratory. 
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Descriptors : On-Site Data Collections. 
On-Site investigations. Planning. Handling. 
Sample, Sampling. Water^Sampling. Surface 
Waters. Preservation. Wastewater 
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COLLECTION AND JJANDUNG OF SAMPLES FOR 
BACTERIOLOGICi^L EXAMINATION ' 



I INTRODUCTION* 

The first step in the examination of a water 
supply for bacteriological examination is 
careful collection and handling bf samples. 
Information from bacteriological tests is 
useful in evaluating water purification, 
bacteriological potability, waste disposal, 
and industrial supply. Topics covered 
include: representative site selection, 
frequency, number, size of samples, 
satisfactory sample bottles, techniques of 
sampling, labeling, and transport. 



II SELECTION OF SAMPUWG LOCATIONS 

"The basis for locating sampling points is 
collection of representative samples. 

A Take samples for potability testing iromX^" - 
the distribution system through taps. 
Choose representative points cQvering 
the entire system. The tap itself should 
be clean and connected directly into the 
system* Avoid leaky faucets because of 
the danger of washing in extraneous ^ 
bacteria. Wfells with pumps may be ^P;. 
considered similar to distribution systems. - 

B Grab samples from streams are frequently 
collected for control data^or application of 
regulatory requirements. A grab SEimple 
can be taken in the stream *near the surface, f 

C For intensive stream studies on source 
and. extent of pollution, representative 
samples are taken by considering site, > 
method and time of -sampling. The 
^ SEunpling sites may be a compromise 
between physical limitations of the 
laboratory, detection of pollution peaks, 
and fr^quiBncy of sample collection in 
\ certain typeisSrf surveys* First, decide 
\ how many scunples are needed to be 
\processed in a day. Second, depide 
whether to measure cydles oif inunediate 
'pollution or more aVerage pollution. 
S^teS'^Torf measuring cyclic pollution are 
iiixunediatelV below the pollution source. 
3kxnpling is nrequent, for example, every 
three hours, 

^A ^ite designed to measure moi*e average 
conditions is far enough downstx^smi for 
a complete mixing of pollution and water* 



Keep in mind that averaging does not 
remove all variation but. only minimizes^ 
sharp fluctuations. Downstream sites 
sampling may not need to be so frequent 

S-amples maybe collected 1/4, 1/2 and 
3/ 4- of the stream width at each site or • 
otlft^^stances, depending on survey 
objeooves. Often ohly one sample in the 
chanribl of the stream is collected. 
Ssmi|)les are usually taken near the surface 

Samples from lakes or reservoirs are 
frequently collected at the drawoff and 
usually about the same dep^h and may be 
collected over this entire surface. 
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Collect samples of bathing beach water 
at locations and times where the most 
bathers swim. 



m NUMBER, FREQUENCY AND SIZE 
OF. SAMPLES 

For determining sampling frequency for 
drinking water, consult the USEPA 
Stdndards. 

1 The total number, frequency, and site 
are established by agreement with 
either state of USEPA authorities, 

2 The minimum number depends upon the 
- number of users. Figure 1 indicates 

that the smaller populations call for ' 
relatively more samples than larger 
ones. The numbers on the left of the 
graph refer to actual users and not the 
population shown by census. 



— 3 In the event that coliform limits' of the 
standard are jBXceeded, daily samples 
must be taken at the same site. 
Examiiiations should continue until two 
consecutive samples show Colifornttg 
level is satisfactory. Such samples 
are to be co^^idered as special samples* 
and shall not be included in the total 
number of scimples examinjed* 

4 SEimpling programs described ^s>v€' 
' represent a minimum num^er'^which 

may be increased by reviie^ng 

.authority. 
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' B For stream investigations the type of 
study governs frequency of sampling. 

C Collect swimming pool samples when use 
is heavy. The high chlorine level rapidly 
•reduces the count when the pool is not in * 



f^opulatioh Minimum number of 

served: samples per month 

25 to 1, 000^ — 1 

1, OOll to 2, 500 2 

2, 501 to 3,300 s 3 

' -3, 301 to 4,100 4 

' 4, 101 to 4,900 5 

4, 901 to 5^aO<f - 6 

5,801 to 6,700 - 7 ^ 

6, 70 i to 7,6oa - a 

, 7, 601to8,50Q 9 

8,501 to 9,400 IQ 

9,401 to 10,300— ^11 

10, 301 to 11, 100-—- 12 

11, 101 to 12,000 ' 13 

12^061 to 12.,900.— — — 14^ 

12, 901 to 13, 700 15 

13,701 to 14,600 — 16 

14,601 to 15, 500 ' 17 

15, 501 to 16, 300 - 18 

16, 301 to 17,2fOO 19 

17^ 201- to 18, 100 — 20 

18, 101 to 18, 900 — 21 

18,901 to 19, 800 22 

' 19, 801 to 20, 700 —A—— * 23 

20, 701 to 21, 500 — 24 

21, 501 to 22, 300 25 

22, 301 to 23, 200 26^ 

?3, 201 to 24, QOO — 27 

24,001 to 24,900 -— 28 

24, 90-1 to 25,000 29 

25,0(M to^28,000. 35 ^ 

28, 001 to 33, 009 — 35 

33,001 to 37,000 40 

37, pbl to 41, 000 - 45 

4U001 to 46,000 50 

46, 001 to 50,000 55 

. 50, 00Tlo^4, 000 60. 

.54, 001 to 59, 000 ^ 65 * 

59, 001 to 64, 000 — 70 

64,001 to 70,000 75 

70,001 to 76,000— 80 

76, 001 to 83, 000— 85 

83,001 to 90, 000 n - 90 



FIGURE 




use. Residual chlorine tests are 
necessary to check neutralization of 
chlorine in the sarSfile. 

/ D Lake beaches may be sampled as required 
depending on the water uses. 



Population Minimum number cf 

served: , ♦ . samples per month 

90,001 to 9 a 000 - 95 

-"96,001 to 111,000 - 100 

• 111,001 to 130,000 110 

. 130, 001 v^o 160,000 1 120 

160,001 to 190,000 130 

190,001 to 220,000 140 

220,001 to 250,000 15O 

^250, 001, to 290, 000 16O 

290,001 to 320,000 - 170 

320, 001 to 360,000 18O, 

360^001 to 410,000 - 19O 

410,001 to 450,000 2OO 

450, 001 to 500,000 — 21O 

500, 001 to 550, 000 220 

550,001 to 600,000 230 

600, 001 to 72a, 000 240 ' 

720, 001 to 780, 600 250 

780,001 to 840,000 — 26O 

840,001 to 910,000 270 

910,001 to 970,000 280 

970,001 to 1,050,000 - ^ 290 > 

1, 050, 001 to 1, 140, 000 300 

1,140,001 to 1, 230, 000 — 3IO . 

1, 230, 001 to 1, 320, 000 -- 320 

. .^1, 320, 001 to 1,^20, 000 —7- 330 

V, 420, 001 to 1, 520, 000 — 340 

1, 520, 001 to 1, 630, 000 350. 

1, 630, 001 to 1, 730, 000 - 360 

• 1,730, 001 to 1*850, 000 — 370 

1,850,001 to 1,970,000 - 380 

,1, 970, 001 to 2, 060, 000 ^ 390 

2, 060, 001 to 2, 270, 000 ^--JU---*. 400 

2,270,001 to 2,510,000 i 410 

2;510, 001 to 2,750,000 -— — , 420* 

2, 750, 001 to 3, 020, 000 430 ^ 

3* 020, 001 to 3, 320, OOQ 440 

3^ 320, 001 io 3, 620,000 1 . 450 

3,620,001 to 3,960,000 * 460 

3,960,001 to 4, 310,000 — 470 

4, 310, 001 to 4, 690, 000 — 480 

4, 690, 001 or moreT-— — — • 500 
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£ Salt water or^estuarine beaches are 
sampled as needed with frequency 
depending on use« 

F Size of samples depends upon examination 
_ anticipated. Generally 100 ml is the 
minimuxh size. 



IV\BOTTLESFOR WATER SAMPLES 




The sample bottles should have capacity 
for at least 100 ml of sample, plus an 
air space. • The bottle and cap must be<fi 
bacteriological inert materials. ' Resistant 
' glass or heat resistant plastic are 
acceptable. At the National Training 
Center, wide mouth ground- glass * 
stoppered bottles (Figure 2) are used. 

All bottlea must be properly washed and 
sterilized. Protect the top of* the bottles 
and cap from contamination by paper or 
metal foil hoods. Both glass and heat 




FIGURE 2 
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resistant plastic bottlep may be 
, sterilized in an autpclave. Hold plastic 
at 121'*C for at least l6 minutes. Hot 
air sterilization. 2 hours at 170* C, m^y 
be used for dry glass bottles, * 

Add sodium thiosulfate to bottles cintended 
for halogenated water samples.- A quantity 
^of 0, 1 ml of a 10%' solutioh provides 100 
mg per lit#r concentration in a 100 ml 
sample. This level shows no effect upon 
viability or growth. 

Supply catalogs list wide mouth ground 
glass stoppered bottles of borosilicate ' 
resistance glass, specially for water 
samples. 



V TECHNIQUE OF SAMPLE COLLECTION 



Follow aseptic technique as nearly as possible. 
Nothing ^l^ample water must touch the uiside* 
of the bofliPor cap. To avoid loss of sodium 
thiosulfate^ fill the bottle directly and do not 
rinse. Always remember* to leave an-air space, 

A In sampling frpm a distribution system^ 
first run the -faucet iVide open until the 
service line is cleared, Axtime of 2-3 ^ 
minutes generally is sufficient, .Beduce 
th^ flow ajid fUl the sample bottle without 
splashing. Some authorities s^ess flaming 
the tap before collection, but the use of this 
technique is now generally considered as value- 
less. A chlorine determination is often made 
on the site. 



B The bottle may be dipped into some . 
waters by hand. Avoid introduction 
of bacjeri^ from the human hand and 
from surface debrfs. Some suggestions 
.follow Hold the pottle near the base ^ 
with one haiid and with tKe other Remove* 
the hood and cap. Push the bottle 
rapidly into the water mouth down and tilt up ' 
untowa|p,ds the current to. fill, \ A depth 
of Xbout 15 cm (6 inched) Is sa^factory. Whep 
therV is no current move the bottle throu^ 
the water horizontally and away Jrom 
the hand. Lift the bottle from the water, 
having left an air space of about 2\ cm , 

.( 1 tsaSJ, and rettun the ififcofitSfilinated 
cap. 
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C Samples niay be dipped from swimming 
pools. Determine residual chlorine on ^ 
* the pool water oX the site. Test the 
sample at the labor^ry to ^heck chlorine 
neutralization by the^hiosulfate. 

D Sample bathing ^beach Water by Wading 
out to the 60. cm (2 ft) dsptii and dipping the 
/sample up from about 15 cm (5 Inches) below 
le aurface. Use the procedure described^ in 



Wells with pumps are similar to 
distribution systems. With a^hand pumped 
well, waste water for about five minutes 
before taking the sample. Sample a well 
without a pump by lowering a sterile ' 
bottle attached to a weight. A device which 
opens the bottle underneath the water ' 
will -avoid ciontamination by surface debris. 

Various types of sampling devices are 
available where the sample point is 
inaccessible or depth samples are aesired. 
The genef al problem is to put a sample 
botfle in place, open it, close it/ and 
return it to the surffiibe^. No bacteijia but 
tho'fee in the sample must enter the bottle. 



The J - Z sampler described by Z obeli 
in 1941, was designed for deep sea 
sampling but is useful elsewhere (Figure) 
3). It has a metal frame, breaking 
^device for a glass tube^ and .sample 
bottle. The heavy metal messenger 
strikes the lever £g:m which breaks 
the glass tubing at a file mark. A 
bent rubber tube straightens and the 
water is dra^vn in several inches from 
the apparatus. Either glass or collapsible 
rubber bottles are sample containers. 

Commercial' adaptations £tre available. 

Note the vane and lever mechanism on 
the New York State Conservation 
Department's sampler in Figure 4. 
When the' apparatus is at proper depth 
the suspending line is given a sharp 
pull. Water^mertia against the wne 
raises the ^stopper andVater pours, 
into the bottle. Sufficient sample is 
coUectedprior to the Setfichment of 
the stppper from the vane arm allowing 
ax^lbsure of the saxpple bottle. 

The New York State Conservation 
Departments sampler is useful'for 
shallow depths and requires nothing 
besides glass stoppered sample bottlesv 




FIGU^ 3 



Reproduced with permission of the Journal 
of M^ine Research 4:3, 173-188 (1941) by 
the Department 'of Health, Education and— 
Welfare. ; ' " 
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FIGURE 4 



A commercial sampler is available 
which is an evacuated sealed tub3 with 
a capillary tip.. When a lever on the 
support rack breaks the tip^ the tube 
fills. Other samplers exist with a 
lever for pulling the stopper, while 
another uses an electronqagnet* 



VI DATA RECORDING 

A Information generally inckides: dat^/time 
of collection, temperature of water, locatio 
of sampling point, and name of the sample 
collector. Codes are often used. The * 
location desrcription must be exadi enbugh 
to guide another person "to the^site. 
Reference to bridges, roads, 'distance to 
the nearest town may help. Use of 'the 
surveyors' description and maps are 
. recomnafended^ Mark identification on the 
bottles or on securely fastened tags; 
Gummed tags may soak off and are 
inadvisable. 



B While a sanitary survey is an indispensable 
part of the evaluation of a water supply, its 
discussion is not within the scope of this 
lecture. The sample collector could supply 
mudh* information if desired. 



VI SHIPtTNG CONDITIONS 

The exaininatioh should commence as soon^ 
as possible, preferably within one'hour. A 
maximum elapsed timd' between collection and 
examination is 30 hours for potable water 
samples and 6 hours for other water samples' 
(time from collection to laboratory delivery). 
An additional 2 hours fs ''allowed from delivery 
to laboratory to the completion of fii^st-day 
laboratory procedures. Standard, Methods 
(14th Edition) recommends icing of samples 
between collection and testing. 

Yll PHOTOGRAPHS 

" A photograph a sample in that it is evidence 
representing water quality. Sample collectors 
and field engineers niay carry cameras to 
record what. they see. Pictures' help th§ general 
public and legal court§ to better understand 
laboratory data. ^ 
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BIOLOGICAL FIELD METHODS 



I INTRODUCTION 

A OUe to the nature of ecological inter- 
ivelation ships « xhethods for the collection 
of 'different types of aquatic organisms , 
differ. In general we can recognize 
those that swim or float and those tha^t ~ 
crawl, those that are big .and those that 
are little. Each comprises a part of 
'HheTUe^'-at any'^ven survey 'station . 
and consequently a "'^complete" cpllection 
would include all types. 

« * * 

B Field methods in the following outline 

are grouped under fouiL-general 

.categories, the collection of: 

i Benthos (or bottom dwelling , 
organisms), Xhese may be 
attached, crawling, or burrowing 
forms. 

" 5> \ Plankton (plancton). Jhese are 
\usual"^ microscopic plants and . 
animalg feebly swimming, drifting, 
or suspended in the ^pen water, 

Periphyton or '*aufwuchs") This is 
the communi^ of organisms 
associated with submersed .e^bstrates. 
Some are attached, ^ome crawl. The 
group is intermediate between the' 
ben^os and the plankton. 



Fish, benthos, and plankt\^n 'collection 
is essentially the same whether con- 
ducted in Lake Michigan, Jones' 
Beach, or the Sargasso Sea, \ 

1 Marine organisms' range t*o larger 
si^6y--and4he' corrosive ri^ture of - 

seawatet* dictates ^pejcial pare in 
the design and maintenance' p.f . • 

r marine ^equipfnent; Site seijCCtion 
and collection schedules ar4 
influ€?nced by such factors as tidal 
. \ currents and periodicity, and 

salinity distribution, rather than . 

^ (river) currents, riffles, and pools. 

2 ^ Freshwater organisms are in 

general smaller, and the water/is 
seldom chemically corrosivp'^Sn 
equipmenti Site selection in 
Stream's involves riffles, falls, 
^ * pools, etc.V and a unidirectional 

flow pattern, JLake c9llection may 
, * involve less predictable strati- 
• fication or flow patterns, 

Definite^objectives shouib b^ established 
in:advance as. to the size range 6i 
organisms to be collected and counted, 
i,e«: microscopic only, microscopic 
and macroscopic, those j:eliained by 
'*'30 mesh" screens, invertebrates and/ 
or^ vertebrates, etc. 



4 Nekton^ Nekton are the larger, 

free swimming active animals such 
& * as shrimp or fishes, - 

: Aquatic mammals, birds, amphibians, 
reptiles, and in most cases, require 
still othOT approaches and are not included/ 

) There is little basic difference between 
biological methods for oceanic, estuarine, 
or-freshwater situation9 except those 
dictated by the physical nature of the 
environments and the relative sizes of 
^ the organism^. ^ » - 
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n STANDARD PROCEDURES 

A Certain standard supplementary 
* procedures are a part of all field 
techniques. In order to be interpret^ 
>. an'd used, evei'y collection must be, 
• a^ociated with a record of 'environ- 
mental conditions at the time of 
collection, 

1 " Data recorded should incAude the 
following as fan as practicable, 

^ Location (name of river, lake, etc^. ) 
^ Marked USGS 7^^^ninute quadrangles 
are recommended^ ^ 



Biological Field Methods 



Station number (particular location 

of which a full description should 

be on record) ^ 

Date and hour 

Weather 

Air temperature 

Wind direction and velocity 

Sky or cloud cover 

Water temperature (at various 
del)ths, .If applicable) ♦ 

Si|litiity (at yarioua .depths, if 
applicable) 

^Tldal flow (^bb or -flood) 

TurWdity (or li^t penetration, etc. ) 
* Water color 
Depth 

Type of bottom 

Type of collecting device and 
accessories ' 

y 

Method of collecting 

Type of .sample (quantitative or 
qualitative) 

Number of samples at each ^tation 

Chemical and physical data, e. g.-, 
(replicates and stratification) • 
dissolved oxygens nutrients * pH# etc. 

Collector name / 

Miscellaneousofe^rvjetions (often 
yery important) 

..**'* • ' . ' 

. -2 All collecting containers should be 
identified at least with.lbcation, 
' station nuix)ber^ sample nimiber, 
' and date. Bi^ares are very handy. 



3 Much transcription of data can be 
eliminated by using sheets or cards 
with a uniform arrangement for * . 
^ including the above data. The 

same field data sheet *may include 
field or laboratory analysis, 

B Compact kits of field collecting equip- 
ment and materials greatly increase 
collecting efficiency, especially if the 
collection gite is remote.from 
transportation. 



PERSONAL OBSERVATION AND. * 
PHOTOGRAPHY 

A Direct. or indirect observation of under- 
water conditions has become relatively 
efficient. ' • ' ^ * 

1 Submersibles^are proving vex^ 
important for deep wate^ ' - 
oj^servations;" 

A . Us^^'of aqualung. permjts direct 

personal stuciy. down to oyer 20P feet^ 

3 Underv^ater television (introduced by ' 
'the British Admiralty for military 
purposes) is now generally available ^ 
for biological and other observations^ 

4' Underwater photography is improving 
^in quality and facility. 

* 5 Underwater swimming or use of 
^ SCUBA is' quite valuable for direct 
observation and collecting. ^ 

6 Smaller hand held water lens or ' 

* wat6T«telescopes are very useful 
.in shallow water. 

IV COLLECTION OF BOTTOM OR 
^ BENTHIC ORGANISMS • 

A Shoreline or Wa<^g Depth Collecting 

• Plates I, n " 
C . 

1 Hand picking of small forms attached 
' * to or crawlirig off rocks, sticks, etc. 
when lifted out of the water is a 



fundamental and much used . 
method for qbiekly assaying what 
is present and what majr be expected 
on further search. 

Patches of seaweed and eelgrass 
and shallow weedy margins any- 
where are usually studied on a 
qualitative basis only* 

a The apron net is one of the best 
tools for animals in weed beds 
or othe^ heavy vegetation. It 
is essentially a pointed wire 
sieve on a long hsm'dl^ with 
coarse screening over the top 
to keep out leaves and sticks. 

b Grapple hooks or a rake may 
be used to pull -masses of 
vegetation out on the bank 
' where the^ fauna* may, be 

examined and collected as they 
crawl out. 



c , Quantitative Ultimates of both 

plants and animals can be made 

with a "stove pipe** sampler 

Which is forced down through 

^ a weed mass in sl^llow water 

and embedded in the bottom. 
* 

« Entire contents can then be 
• bail'ed-^)ut into a si^ve and * 
• - • sorted, . 

d A frame of Imown dimensions * 
may be placed over an ar^a to 
be sazApled'andihe material 
, within cropped out; .This is ^ 
, especially good for -larger 
plants and large bivalves. " 
This method yields quantitative* 
data.' > 

Sand and mlid fl3ts in estuaries sind 
shallow lali:e» xnay be sampled 
quantitatively by marking off a 
desired area anci either digging 
away surroutvding material or 
excavating the^desiredV^terial. ' 
tp a measui^ deptb«^''MLhdle- ^ 
Operated samplers recently 
developed by Jaekspn and 



Larrimore, make for more effective 
sampling of a Variety of bottoms down 
to the depth of the hsindjes. Such 
^ samples are then washed through graded 
screens to retrieve the organisms, 

4 Ekmao grabi £vre most useful on soft 

bottoms. This is a completely closing 

clamshell type grab with spring operated ^ 

jaws. Size of grab is usually 15. 2 x 15, 2 cm 
6r 22.9 x'22.9, the 30. 5 x 30.5 cm Size 

is impractical due to its heavy weight wl^en 

filled with bottom material. 

For use in shallow water, it is convenient 
to rig an Efcman with, a handle and a hand 
^erated jaw release mechanism. 

The Bkman may also be fitted with a hydraulic 
operated closing mechanism for "hard" 
substrates. « 

5 Ihe Petersen type ^rab (described below) 
without weights will take satisfactory* samples 
-in firm muds, but- tends to bury itsell^^in 
very soft bottoms. It is seldom ubed in 
shallow water except as noted below. 

> 

B ^Collecting in Freshwater Riffles or .Rapids 

1 Tfie riffle is the most satisfactory habitat 
forvjcoitiparing stream conditions at. different . 
points. , . ^ ' 

2 The hand screen is a simple and easy device 
to use in this ^situation. Resulting collections 
are qualitative only. 

a In use the screen is firmly planted in the 
^stream bed. Upstream bottoni is thoroughly 
"^disturbed with tt§'fe«t, .or wor^^d' over'by 
hand by another person. Organisms 
dl^locged are carried down into the screen. 

^ b Screen is then lifted and dumped into sort- ' 
ing tray or collecting jar. ^ 
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BOTTOM GRABS 




open ck)»ed 
Ekman 




Petersen 




Shlpek 




PLATE I 
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The well-known Surber sampler is 
one of the best quantitative collecting 
device% for riffles. 

It consists of a frame 30« 5 cm 
square with a cpnical net attached* 
It is usable only in moving water. 



In uselt is firnily planted on the 
bottom. The bottom stones and ""^^N^ 
gravel within the square frame 
^ are then carefxilly gone over by 
hand, to ensure -Oiat all oi*ganisms 
have been dislodged and carried 
by the currtent inta:ttieaiet. A 
stiff veget^le brush* is often useful 
in this regard. 

o From three to fiJft square-foot 
j samples should ^e\aken at each . 
station to insure that a reasonable 
percentage of the species present - 
*t will bjB represented. 

d Long sleeved rubber gloves (trap- 
pers) are^ recommended for winter 
use. • ' 

* 

4 The Petersen type ^rab may be used 
in deep swift riffles or where the 
Surber is unsuitable.. 

* a It is planted by hand on the bottom^ D 

, and w^umd down into the bottom 
* . MTith thWreet. 

b It is then closed ahd lifted by 
pulling on the rope in the usual 
manner. ' v 

♦> • 

5 A strong mediimx weight D frame 
dipnet is the close st^approach to a 
universal coUebting tool. 

a keeping Weed beds, and Stream 
Margihs \ 

This is used with a sweeping 
motion*i&through weeds, over ^ 
. the bottoms or in open w^^ter. 
A triangular shape is preferred 
'by some. 

b Stop net or Kiokin^Technique 



/ 



This may be us"ed as a roughly quan- 
titative device in riffles by holding 
the end flat against the bottom and ' 
disturbing the substrate with one's 
feet. A standard period of time is 
used. 

The^handle should be from 1 to 2 
meters long, and about the weight 
of a garden rake handle. 

The D^rihg should be made of steel 
or spring brass, and securely 
. fastenepTto the handle. It should 

trong but not cumbersome; size 
of ring stock will depend on width 
of ring. 

e The bag or net should be the strong- 
est available, not over 3 mm mesh* 
Avoid mesh which is so fine that. 
, t6e net plugs easily and is slow and 
heavy to handle. A shallow bag is 
preferred. 

f A wide canvas apron sewed around 
the rim will protect the bag. The 
rim^ may be protected with leather. 

6 prift nets are set foi^ predpte:cmined 
periods. 

Deep Water Benthic Collecting Plate III . 



'When sampling from vessels, a crane 
and winch, either'hand or power operated, 
is used. The general ideas described 
for shallow waters apply also to deeper 
waterSi when practicable. 

The Petersen ^e- grab, seems to be. 
the best all around sampler for the 
greatest variety of bottoms at all depths, 
from shoreline dowi\to over 10, 000 ^ * 
•meters. (Plate I) - ^ * \i 

a It consists of two heavily constructed 
half cylinders closed together Jby^a 
strong lever action. 
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b . To enable them to bite into 

hard bottoms, or to be used in 
strong currents, weights may 
be attached to bring the total 
weight up to between 22. 7 and 
45.4 kg. 

c Areas sainpled- range from 

l/5th to l/2.0th square meters. 

d A Petersen grab to be hauled 
by hand should be fitted with 
(15 mnx-or 20 mm) diameter 
twisfed rope in order to^provide 
adequate hand grip. It ia best 
handled by maans of wire\ropes 
and a wijjich. ' ^ o 



Other bottom samplers* include the 
VanVeeV Lee, Holmej Smith- 
Mclntyre, Knudsen, Ponar, KAJA 
and others. 



A spring loaded ^sampler was 
developed by Shipek for use oj 
all types of bottoms. It takes a 
half- cylinder sample, 1/2 5th square 
meters in area' and approximately 
10 cm deep at the center. The device 
is automatically triggered on. contact 
with the bottom, and the s^ample is 
completely protected enroute to the 
surface. (Plate I) 

Drag dredges or scrapes are often 
used 'in marine waters and deeper- 
lakes and streams,/and comprise 
^he basic equipment of ^several types 
of commercial fisheries. Some 
types have been developed for 
shallow streams. In genera^l v 
however, they have been littl^ i^sed^ 
in fresh water. 

The above is only a partial listing - 
of the many ^sampling device^ 
available Others that arp often 
encountered are the orange -peej 
bucket, plow dredge, scallop type 
dredge,- hydraulic dredges, and ^ 
various coring devices. Each has 




its own advantages and dis- 
advaijitages and it is up to the ^ ' ♦ 
workei* and his oj)eration to depide 
what is best for his particular needs. 
The Petersen aod Ekman grabs and 

and corers are perhaps the most 
co^amonly used. 

Ttaps of m?t^ types are used for 
various benthi^SQrganisms, 
especially crabs S^tid lobsters. > 
Artificial substrates (below) are in 
. , essence a type of trtap. 

8 Wqn-nandon distribution of t)iological 
communities is a rea^ challenge 
for the biologist. 

Manipulated substrates* relV on ^he- 
ecological. predilection of oKgSLnisms 
to settle wherever they find a suitable 
habitat. When a artificial haMtat is 
provided, it tends to become populated 
by all available species parti&lVo tKat 
type of situation. The collector Van 
then at will remove the habitat orNtrap 
to his laboratory and study the poptda- 
tion at leisure. Two weeks for peribhyt 
and four weeks exposure timrtor maii 
vertebrates are the usual standardized 
time frames. 

This versatile research technique is 
much used for both' inputine monitoring 
and exploratory studies of pollution. 
It is also exploited commercially, * 
especially for shellfish production. 
Tjrpes^of materials use include: 

1 Cement plates and panels. 

2 Wood (especially for biirxowing ^ 
forms). 

* * # 

3 Glass slides (diatometer or, 
periphytonieter). 

4 Hester-Dendy multiple plate trap 
(masonite). . ' 

5 Baskets' (or other containers) 
holdixig natural bottom material 

* and either imbedded in the bottom* 
or suspended in the overlying 
water.. 



6 Unadorned ropes suspended in the 
water, or sticks thrust into the 
bottom* . , 

m 

7 A variety of plastic forms. 

F Sorting and Preservation Qf Collections 



1 Benthic collections usually consist 
* of a great mass of mud and other ; 
debris among which the organisms 
are hidden. Various procedures 
may be followed to separate the 
organisms. ^ 

a The prganisms may be picked 
out on the spot by hand or the 
entire mees taken into the , 
laboratory where it can be 
examined more efficiently * 
(especially in rough weather). * 
Roughly equivalent time jwfill 
probably be required in either 
case. 

b Specimens may be observed 
^ and recorded or preserved as' 
a permanent record* 

c Organisms maybe simply 

counted, weighed, or measured 
volumetrically; or they may be 
separated and recorded in 
groups or species. 

If separation is In the field this is 
usually 'done by hand picking* ^creen- ' 
ing, or some type of flotation process. 
The less debris or substrate in the 
sample reduces picking time. 



a 



Hand picking is best done oiVa 
rwhite enameled tray using ^K^^^^j/^ 
li^t touch limnological forceps. 

Screening is one of the most 
pVactical methods to separate 
organisms from debris in the 
field. Some prefer to use a 
^single fine screen, others 
prefer a series of 2 or 3 
screen§jof graded sizes, the 
/ .coUectiori may be dumped 
directly on the screen and the 
mi;d and debri§ washed through. 



or it may be dumped into a 
bucket or small tub. . Water 
is then added^the mixture Is 
well stirred, and the super- 
natant poured through the 
partially submerged screen. 
While doing this the screen is 
gently agitated or swirled. * 
The residue is then e?camined 
for heavy forms that will- not 
float Up. 

• c A variation of this nuethod in 
' situations 'where there is no 
mud is to pour a strong sugar 
or salt solution over tlie 
*ollection in the bucket, stir 
it well, and again pour the 
supernatant through the screen. 
This time,, however, saving 
the flotation solution for 
re -use. The heavier -than - 
water solution accentuates the 
separation of organisms from 
the debris (except for the, 
heavy -shelled molluscs, ^tc). 
) A solution of 1. 13 kg, of sugar 
per 3. 79L of water is considered 
to be optimum. 

Preservation oi*^ stabilization is 
usually necessary in the field. 
Rose bengal may be added to the 
preserrotibn to aiH picking by 
staining the organisms. 

a 95% ethanol (ethyl alcohol) is 
' . highly satisfactory. A final 
strength of 70% is necessary 
for prolonged storage. If the 
collection is drained of water - 
&.nd flooded with 95% ethanol 
in the field, a laboratory 
flotation separation can usually 
l>e made later, thus saving 
much time. Considerable 
, quantities of ethanol are ^ 
required for this procedure. 

b Formaldehyde is more widely 
available and is effective in 
concentrations of 3 -,10% of 
the commercial formulation. 
However, it is highly suspect 
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and is not recommended. 

Properly preserved benthos 
samples may retained 
indefinitely^ thereby enhancing 
their utili^ and ultimate value. 



C 
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d Refrigeration or icing is veiTr 
helpful if many collections made 
In a short time are to be picked 
by few individuals. 

e There Is no single all purpose 
preservative for unsorted samples. 
For example some specialists 
would like their material killed 
in boiling water, fixed in formalin 

or other solution and preserved in 

alcohols The field investigator^ 
usually comprdmises because of 
this problem. Again" it all depends 
on- the study objectives. 

MICROFAUNA AND PERIPHYTON 
<0R AUFWUCHS)'SAMPLdJG 

This is a relatively new area which 
promises to be of great importance. 
The microfauna of mud and sand 
bottoms may be studied to some extent 
from collections made with the various 
devices mentioned above. In most 
cases^howeve^r, thete is considerable 
loss of the smaller forms. 

Most special microfauna samplers for 
soft bottpms are essentially modified 
core samplers in which an effort is 
made to bring up an undisturbed portion 
of the bottom along with the inmiediately 
overl3ring water. The beat type currently 
seems to be the Enequist sampler which 
weighs some 35 kg. and takes a 100 sq. 
cm sample 50 cm. 'deep. 

Microfauna. from the surface of hard 
saiid or gravel bottomd may be sampled 
by the Hunt TOcuum sampler. This has 
a bell -shaped "sampling" tube sealed 
by glass diaphragm. On contact with 
the bottom, the. glass is automatically 
.broken and .the nearly bottom material ^ 
is fifjvept up into a trap. 



D Per^hyton'attached to or associated 
with hard surfaces su'^ch as rook or 
wdodimay be sampled by scraping or 
otherwise removing all surface 
material from a measured area. The 
periphytou, however, is^more effectively 
quantitatively sampled by manipulated - 
substrate* techniques described above. 

' A - . 

VI THfi COLLECTION, OR SAMPLING 
; OF PLANKTON PLATH IV 

A ^hytpplankton: A PlannSd Program is 
""Desirable 

1 A planned prograni of plankton 
.anfilysis should involve periodic 

" ' sampling at weekly or even more 

frequent intervals. 

2 , A well<-planned study or analysis 
/ of the growth pattern of plankton ' ' 

/ in one year will provide a basis 
for predicting conditions the 4 
following year since seasohal 
growth patterns tend to repeat 
trffemselves from year to year. 

a Since the seasons and the years 
differ, records accumulated 
oyer the years become more \_ 
useful. 

b As the time for an anticipated 
bloom of some troublesome ^ 
speQies approaches, the 
frequency of analyses may be 
increased. «• 

3 « Detection of a bloom in its eairly 
stages will facilitate more ^ 
econohiical control. 

B • Field ^Aspects of the Analysis Program 
r 

1 Two general aspects of plankton 
analysis are compibnly recognized: 
quantitative and qualitative. 
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High speed plankton sampler 




PLATE IV 



m Qualitative examination tells 
what is present, 

b Quantitative tells how much , . 

c Either, approach is useful," a 
combination is best. 

Equipment for collecting samples 
in the field is varied, D 

A half- liter bottle will serve 
for surface samples of 
phytoplankton, if carefully * 
taken, 

b* A Kemmerer, Nansen, or other 

' special sampler (small battery 
operated pumps are timfe saving) 
is suggested for depth samples. 

c Plankton nets concentrate the 
sample in the act of collecting 
and also capture certain larger 
forms which escape from'the^ * . 
bottles. Only the more, elaborate 
types are quantitative however. 
For iJhytoplar^kton, #20 or #25 
size nets are comrnpnly used. 
Usually a net diameter of 13-26 cm 
is sufficient. Smaller forms, will 
pass any net. • • • 

d The dilemma in choosing a nfet lies 
in the fact that larger meshes allow 
wanted forms to escape while 
smaller mesh nets tend to clog 
and increase evasion possibilities 
of wanted^iorms. 

^ooplankton Collecting 

1 Since zooplankton have the ability to ; 
evade sampling devices, n^ts towed 
at moderately fkst speed are used' 
for their capture. Number 12 nets ' 
(aperature size 0.119 mm, 125 meshes 
1 inch) or smaller numbered net sizes 
are commonly used, A ^et diameter . 
greater than 13 cin is preferred* 

Frequently half meter nets or larger 
are employed. Theae may be equipped 
with flow measuring devices for 



measuring the amount of water enter- 
ing the net* 

3 "the devices used for collecting plankton 
•capture botii.the plant and animal types. 
- The mesh size (net no. ) is' a method for 
selecting which category of plankton is 
to be collected. 

The Location of Sampling Points 

. r 

1 Both shallow and deep samples are 
suggested. " 

a "Shallow" samples should be taken at 
a depth of 15 cm^to 30 cm. The 
surface film is often significant. 

b "Deep") samples should be taken 
such intervals between surface and 
bottom as circumstances dictate. 
In general, the entire water column 
should be sampled as completely 
practicable, and the plankton from - 
each level recorded separately. 

2 For estuarine plankton, it is necessary 
to sample different periods in the stage , 
of the tide, otl^ervrise samples would 

be biased to a^given time, or type of 
water carried by the tidal currents. 

3 plankton is subjected to the force of the 
winds and currents. As a result, tl>e 
plankton is often in patches or "wind 
rows" (Langmuir cells). For this reason 
when using a net, it is often desirable 'to 
tow, the net at right angles to the wind or 
current. ^ 

4 Nearly all plankton a/^hbrizbntally 
discontinuous. Planktonic organisms 
tend to be numerous near the bottom in 
daylight, but distributed more evenly 
throu^ the water column at night. 
Therefore, a series* of tows or samples 
at different depths is^ necessary to obtain 
a complete satopling. One technique ^ 
often employed is to take ah obliqvie 

tow from the bottom to the top of ,the 
water column. 
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studies to indicate sampling \^ 
locations and -intervals are often 
mandatory. Some studies require 
random sampling points. 

The niimber of sampling stations 
that should be established is limited 
by the capabiUly of the laboratory to 
analyze tiie sa^niples* but should 
approach the needs of the objectives 
as closely as possible. 

7 Field conditions greatly aftect the 
plankton, and a record thereof 
should be carefully* identified with 
the collection as in II above. 



vn 
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.Provisions should be made Tor the 
yield stabilization of the sample 
until the laboratory examination 
can be made if more than an hour 
or so is to elapse. v 

a Refrigeration or icing is very 
Helpful, but ice should never 
be placed in^ the sample. 



i^igoli 
pre^: 



ols solution is a good 
►rvative.^ * 



the techniques are not legal for the 
layman. In this area, perhaps naore 
than any other, professionally trained 
workers are important. Also, there 
mu^t be at least one helper, ^as a single 
individual always has difficulty in pulling 
both ends of a 7 meter seine simultaneously! 

The more common techniques are listfiW' 
below, ■ 



c Ultjra-violet sterilization i§ 

sometimes used in the laboratory 
to retard the decomposition of 
planl;ton. 

d A highly satisfadtqry merthiolate 
preservative has been described 
by Weber (^6^ 

COLLECTING FISH A^D OTHER 
• NEKTON PLATES V, VI 

Fish and* other nekton musi te sought 
the obscure and unlikely areas as weE 
s^s'the obvious locations in order for the 
collection to be complete i Several 
. techniquep should be employed where- 
vever possible (thig is appropriate for 
all biota). It is advisable to check with 
local authorities to inform them of the 
reasons for sampling, because msCny of 



B Seines . . * 

1 Straight seines range from 2, meters 
and upwards in length. "Common 
sense" minnow seines with approxi- 
mately 6 mm mesh are widely used ♦ 
altog shore for collecting the smaller 
fishik. 

. «a , 

2 Bag seipes have an extra ^trap or 
bag tied in the middle which helps 
trap and hold fish when seining in 
difficult situations, ^ 

C Gill nets are of use in offshore and/or 
deep waters. They r^ge in length 
from appi:oximately 27.4 meters upward. 
A me^^ size is designed to catch a 
specified size of fish. The trammel net 
is a variation of the gill net. 



E 



Traps range from small wire boxes or 
cylinders with inverted cone entrances 
to semi-permanent weirs a 'haK mile or 
■ mpre in length. All tend to induce fisH 
to swim into an inner chamber pro- 
tected by an inverted cone or V - shaped 
not^ch to prevejidescape. Current 
operated rotating fish traps are also 
Very effective (and equally illegal) in 
suitable situations. 

* Trawls are submarine nets, usually of* 
considerable^ size, towed by vessels at 
speeds siifficient to overtake and scoop - 

- in fish, etc. The mouth of the net must 
be held open by some device such as a 
long beam (beam trawl) or two or more* 
vanes or "otter boards" (otter trawl), 
Plate m 



3 



5-13 



Biological Field Methods 



1 Be^m and otter trawls are usually 
\ . fished on the bottom, but otter 

trawls when suitably rigged are 
" ' now being used to fish mid-depths. 

2 The mid^ter trawl resembles a 
hugfe plankton net misuiy feet in 
diameter. It is proving very effec- 
tive for collecting at j;]ald- depths. 

Numerous special designs. have been 
developed* Plate VI 

F Electric seines and screens are widely 
employed by fishery workers in snaall 
artd difficult streams. They may also 
be used in shallow water like areas with 
fcertain reservations. 

G Poisoning is much used in fishery studies 
and management. Most widely used and 
generally satisfactory is rotenone in ^ 
varying formulations, although many 
others have been emplpyed from time to 
time, and some appear to be very good. 
Under suitable circumstances, fish may 
even be killed selectively according to 
species, 

H Personal observation by competent 
personnel, arid also informal inquiries ' 
and discussions wijh local residents 
will often yield information of'real use. 
Many laymen are keen Qbservers, 
although -they do not always' understand 
what they are seeing. The organized 
creel census technique yields dat^on 
what and how many fish- are being 
caught. ^ ^ 

I Angling remains ih its own right a very 
-good technique in .the hands of the skilled 
practitioner, for determining what fish 
are preterit. Spear-fishing also is now 
being used in some^studies. . 

. J Fish and other nekton^are often tagged 
to trace their movements during ' - 
migration and at other times. Minia- 
ture radio transmitters can now be 
attached or fed to fish (and^other 
organisms) which enable them to be. . 
tracked over considerable distances. 



Physiological information is often 
^ obtained in this way. This is known as 
telemetry (reniote sensing), 

Vlir SPECIAL REQUIREMENTS ON* BOATS 

Handling biological co]^ectioris (as con- 
trasted to chemical and physical sampling) 
on^board boats^differs v^ith th<e size of the 
craft and the tbagnitude of operations, 
Somevp^s^ble iten^s a^e listed below. 
Hoisting and many" other types of gear are 
used in common with other types of 
collection, and will not be listed, 

A Special Laboratory Room(s) 



B 



C 
D 



Constant ilovr of Clean water for 
cultufing organisms, (Selection of 
materials. and design of a system to- 
insure non-toxic water may^be very 
troublesome but very important. ) 

Live Box built into ship at water level 

Refrigeration ^ystemCs) 

1 For contrplling temperattwe of 
experiment al, or ganisms in^ 



laboratory. 



2 For deepTfreezing and storage of 
^ specimens to be examined later. 

E Storage Space (Unrefrigerated) 

F . Facilities for the safe storage hnd use 
of microscopes and other laboratory 
equipment, 

G Facilities for the safe storage anfi use 
of deck equipment, 

ri Administrative access to\he Captain 
and Technical Leader in order to 
coordinate requirements for biological 
collection (such as a slow planjdon tow) 
with those for other collections, 

I Safety of personnel working, in and. 

around boats,. as well ad in other field 
activities should be j^eriously con- 
sidered and promoted at ajf times, 

5a 
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K - OTHER TYPES OF BIOLOGICA L 
FIELETSTUDIES INCLUDE* 

A Froductivity Studies of Many Types 

'B Life Cycl^ and Management 

^ • Distribution of Sport or (pof entially) 
Commercial Species 

D Scattering Layers 'and Other Submarine 
, ^ Sound Studies 



Artificial Culture of Marine Food Crops 
Radioactive Uptake . 
Growth of Surface -Fouling Organisms 
H Marine Borers 
I. Dangerous Marine Organisms 
J Red Tides 
K Others 



Life presezrvers(jacket type work vests) should 
be worn at all times when on or near ^eep water. 
Boats should have air-tight or foam-filled com-' 
partments for flotation and be equipped with 
fire extinguishers, nmning lights, oars, and 
anchor. C^ast Guard regula'tions should always 
be obsei*ved. All boat trailers should have two 
rear running and stop lights and turn signals 
and a license plate illuniinator. Trailers, 2 meters 
(wheel to wheielf or more wide should fee equipped 
with amber marker lights on the front and rear 
of ihe frame on l2(Sth sides. 

Laboratories should be provided With fire 
extinguishers, fxune hoods, and eye fountains. ^ 
Seifety glasses should be worn when mixing 
dangerous chemicals^and preservatives. 



X SOURCES OF COLLECTING 
^ EQUIPMENT. 

m 

Many specialized items of 'biological 
collecting equipment are not available 
from the usual laboratory supply houses. 
Consequently, the American Society of 

'^imnology and Oceanography has compiled 
a list of companies handling such items 

"^and released it as "S|pecial Publication 
No. 1, Sources of Llmnoligical and ^ 
OceanogTaphic Apparatus and Sullies, " 
Available from the Severe tary of Jhe Socie^, 

XI SAFETY 

The hazards associated with work on or near 
water Require special consideration. Personnel 
' should not be as^j^ed to duty alone in boats^ 
and' should be compqteilt in the use of boating 
equipment (courses are offered by the U, S. 
Coast Guard). Field training should also include 
instructions on the proper rigging and handling 
of biological samplingrgear. 



XII BIOLOGICAL METHODS 

Biological methods and samples are in 
many ways analagOus to chemical methods 
a^d samples. "They are-unique however in 
many other ways especially so because of 
inherent biological variability; 

Ji The organisms are nearly always 
distributed non-randomly. 

B^ There is" much seasonal variation, 

* C There is much diel periodicity^ 24 hour 
activity periods). 

D, Properly handled and preserved, they 
niay retain thfeir integrity indefinitely. 



-E Most biplogical samples require a 
" biologist to collect. , ' ' 
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THE AQUATIC ENVIRONMENT 
Part 1: The Nature and Behavior of Water 



I INTRODUQUON 

The earth is physically divisible into the 
Uthosphere or land masses, and the 
hydrosphere which includes the ocesms, 
lakes^ streams^ and subterranean waters; 
and the atmosphere. " ^ 

A Upon the hydrospere based a number 
of sciences which represent different 
approaches. Hydrology is the general 
science of water itselJ with its yarious 
special fields such as hydrography, 
, hydraulics, etc. These in turn merge 
into physical chemistry and chemistry. 

B ' ^Limnology and oceanography c6mbine 
. aspedts of all of ^hese, and deal'not only 
with the physical liquid water -and its 
various* naturally^c&ring solutions £ind 



forms, but also with living orgatnisms 
and the, infinite interactions that occw 
between them and their environment. 

Water qiiallty management^ including 
pollution control, thus looks to all 
branches of aquatic science in efforts , 
to coordinate ^suid improve man's 
relationship with his aquatic environment . 



* n SOME FACTS ABOUT WAT 

A Water is the only abundant. liquid on ou r 
planet. It has many properties most 
unusual for liquids, upon which depend 
most* of the familiar aspects of the world 
about us as w6 know it. (See Table 1) 



UNIQUE PROPERTIES OF WATER 



Property 



Significance 



Highest he*t capecltj (ipeclflclieat) of any 

solid or liquid {except NH^) 



StablUtei tempermturei of organiams and 
geographical reglona 



yHlgbeit' latent heat of f^lon (except 



Thermoctalilc effect at freezing point 



Htgheit heat of evaporation of any lubitanc^ Iit^>ortant In heat and water tranafer of 
» • ' ^ ^1 atmoipbere ^ 



The on^ lubitanca that hai Iti maximum 
denalty aa a Uquld (40 C) 



Freih and brackUh wateri have maximum 
denalty above freezing point. Thlf li 
Important In vertical c/rculatlon pattern 
In Iakei« 



Hlgheit lurface teniloa of aajr lti|uld 



CoQtrola aurface and drop phenomena. 
Important In cellular phyilology 



Dtaaolvei more lubitancj ■ In greater 
quantity than any<other liquid 



* Mfkei^complax bfolbglcal system possible. 
XmportM for transpo^don of materials 
in soltttfiDn. 



iSire water baa tha bluest di-altctrlc 
constant of MH^j^guld 



imfd m to high dlssodatloci of Inorganic 
.substances In sohttiqn 



yerr Uttla eUctro^c dlssocUtioii 



Neutxf 1* yet oootalna both K*** and OH' lona 



Relatively transparent 



Absorbs much energy In Infra red and ultra. 
vlole\ ranges^ but little in visible range « 
Henc« '"colorless" • 
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B Physical Factors of Significance 

• 1 Water subsfance 

Water is not simply "HgO" but in 
reality is a mixture of some 33 
• . different substances involving three 
Isotopes each of hydrogeh and oacygen 
(ordinary hydrogen H^, deuterium H^, 
a nd, trit ium H^; t>rdinary oxygen O^^, 
oxygen l7, and O3orgeh'18) plus 15 
known types of ions. • The mi^ecules 
of a water mass tend to associate 
themselves as polymers rather than 
to remain as discrete units. 
(See Figure 1) ^ ^ 



SUBSTANCE pF -PURE WATER 




% %■% © •© © 



' ' 2 Density 



a Temperature and density: Ice. 
Water is the only knoMcn substance 
In which the solid state will flq|t 

• on'the liquid state. (See Tablef?) 



TABLR5- 

EFFECTS OF TEMPERA TXJRE ON DENSITY' 
OF PURE WATER AND ICE* • 1- 



Temperature .(^C) 



Density 





Water 




-10 


.99815 


. 9397 


- 8 


' .99869 


. 9360 


- 6 ^ 


.99912 


.902^ 


- 4 


.9^945 


.9277 


- 2 


.99970 


.9229 


0 


.99987 


.9168 


2 


. 99997 ^ 




4 


1.0^000 




6 


.99997 




8 


.99988 




10 


.99973 




20 


.99823 




•40 


.99225 




60 


.98324 




80 


.97183 




100 . 


.95838 





* Tabular values for density, etc., represent 
estimates by various workers rather than 
absolute values, due to the variability of 
water. t ' . 

** Regular ice is known as "ice V\ Four or, 
more other "forms" of ice are known to 
. exist (ice H, ice HI, etc. ), having densities 
at 1 atm. .pressure ranging from 1. 1595 
to 1.67. These are of extremely restricted 
occurrence and may be ignored in most 
routine operations. 



This ensures that ice usually, 
forms on top of a body of water 
and tends to insulate the remain- 
ing water mass from further loss 
oxhea?t. "Did ice sink, there 
could be little o^ nf^cajcryover of 
aqiiatic life from season to season 
in the higher latitudes: Frazil or, 
needle ice forms-ccdloidally at a 
few thousandths of a degree 
below 0^ c. It ia adhesive and* 
may buildup on submerged.objects 
as "anchor ice", but it is still 
typical ice^'dce I). - . i 
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1) Seasonal fiacrease in solar, 
radiation annuaUy warms 
surface waters in summer 
while other factors result iu 
winter cooling. The density 

, differences resulting establish 
two^ classic layers: the epilimnjon 
OF surface layer, and the 
hypolimnion or lower layer, and 

, .in between is the thermocline 
or shear- plane, 

2) , While for certain theoretical ^ 

purposes a "thermocline" is 
defined as a zone in which the 
temperatiure changes one 
de^^e centigrade for each 
meter of depth, in practice, 
any trsuisitional layer between 
two relatively stable masses 
of water of different temper- 
atures may be regarded as a 
thermocline. 

3bObViously the greater the 
^ temperature differences - — 
between epilinmion and 
hypolimnion and the sharper 
' the *gr^dient in the thermocline, 
the more stable will the 
situation be. ^ 

4) From information givefa above, 
it bhbuld tfe evident that while 

-"^the temperature of the 

hypolimnion rarely drops 
' much belo\r4^ C, the 
• epilimnioh may range from ^ 

0^ C Upwardi_ 

« 

5) When epilimnion and hypolimnion 
achieve the same temperature, 
stratification no longjer exists. 
The entire body of water behaves 

. hydrologically as a unit, and' *. 
tends tp assume uniform chemical 
and physical characteristics. 
Even a light breeze may then 
'cause the entire^ bocfy of water 
to circulate. Such events are called 
overturnSi and usually result jn 
water quality changes of consider- 
able phyisical, chemical, and 
biological significance. 



Mineral- rich water from the 
hypolimnion, for example, 
is mixed with oxygenated 
Abater from the epilimnion. 
This usually triggers a 
sudden growth or "bloom" 
of plankton organisms. 

S) When stratification is present, ^ 
however, each la^r behaves 
relatively independently, and 
^ significant quality differences 
may develop. 

7) 'Thermal stratification as 
•described above has no 
reference to the size of the , 
water mass; it is found in 
oceans and puddles. 

b The relative densities of the . 
various isotopes of water 
influence its molecular com-» 
- position. For example, the 
^ , lighted O^p tends to go off 

first in the process of evaporation, 
leading to the relative enrichment 
of air by O^iq and the enrichment 
of water by O^rj ajid '0|q. This 
can lead to a measurably higher 
OiQ content in warmer climates. 
N Also, the temperature of water 
in past geologic ages can be 
clpsely estimated from the ratio 
of O^g in the carbonate of mollusc 
shells. 

c dissolved and/or, suspended solids 
may also affject the density of 
natural water masses (see Table 3) 

TABLES 
EPFECTg OF DISSOLVED SOLIDS 
• • • ON DENSITY 



Dissolved Solids 
(Grams per liter) 



Density 
(at 4 PC) 



0 
1 
2 
3 

10 



35 (mean for sea water)~ 



1.00000 
1.00085 
1.00169 
1.00251 
1.' 0081 a. 



1.02822' 
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d Types of density stratification . 

^ Density differences produce 
strktification wWch may be 
permanent, transient, or 
seasonal. 

. 2)* Permanent stratification 
exists for example where 
there is a heavy mass of 
. '^^ -brine' in the deeper areas of 
a basin which does not respond 
to seasonal or other changing 
conditions. 

• 

3) Transient stratification may 
occur ^with the recurrent 
influx of tidal water in an 
estuary for example, or the 
occasional infliix of cold 
muddy water into a deep lake 
or reservoir.^ 

4) Seasonal Gratification is ^ 
* typically thermal in nature, 

and involves the aiinual 
establishment of the epilimnion, 
^ hypolimnion, and {hermocline 
as described above. 

5) Density stratification is not 
limited to two- layer ecksy stems; 
three, four, or even more 
layers may be "encountered in 
larger bodies of water. 

e A "plunge line" (sometimes called 
"thermal line") may develop at 
the mout^l of a stream* Heavier 
water flowing. into a lake or 
reservoir plim'g^s below the 
lighter water mass of the epiliminium 
to flow along at a lower level. Such 
a line is usually marked by an 
<- • accimiulation of floating debri^. 

t Stratification may be modified 

' or entirely suppressed in some * 

cases when deemed expedient, by 

means of a isimple air* lift. 

\ The viscosity of water is greater at 
lower* temperatures (see Table 4). 



This is important not only in situations 
involving the control of flowing water 
; as in a sand filter, but also since 

overcomii;ig resistance to flow gen- 
erates heat, it is significant in the, 
heating of water by internal friction 
from wave and current action. 
Liying organisms more easily support 
themselves in the more viscous 
(and also denser) cold wateris of the 
arctic than in the less viscous warm 
waters of the tropics. (See Table 4). 

TABLE 4 ' 

VISCOSITY 'OF WATER (In millipoises at 1 atm) 



Temp, o C 


Dissolved solids in g/ L 


0 


,5 




.30 


-10 


26.0 








- 5 


21.4 








0 


17.94 


18, r 


18.24 


18:7 


5 


15,19 


15.3 


15.5 


16.0 ' 


10 


13.10 


13.2 


13.4 


13.8 


30 


8^00 


U.l 


8.2 


8.6 


100 


2.84 









4 Surface tension has biological as well 
as physical significance. Organisms 
whose body surfaces cannot be, wet by 
,water can either ride on the^tlr|fice 
film or in some instances may be 
"trapped" on the surface film and be 
unable to re-enter the water. 

5 Heat or energy 

Incident solar radiation is the prime 
source" of energy for virtually all 
organic and most inorganic processes 
on earth. For the earth as a whole, 
the total amount (of jsnergy) received 
annually must exactly balance that 
lost by reflecti<Hi and radiation into^ 
space if climatic and related con- 
ditions are to remain relatively^ 
cjonstant ovdt* geologic time. 



58 



The Aquatic Environment 



a For a given body of water, 
immediate sources of energy 
inglude in addition to solar 
irradiation: terrestrial heat,, 
transformation of kinetic energy 

' (wave ^d cuirent action) to heat, 
cheinical and biochemical 
reactions, convection from the 
atmosphere, and condensation of 
water vapor. 

b The proportion of light reflected 
depends on the angle of incidence, 
the temperature, color, and other 
qualities of the water; and the 
presence or absence of films 
of - lighter liquids such as oil. 
In general, as the depth increases 
arithmetically, the light , tends to, 
decrease geometrically. Blues, 
greens, and yellQws tend to 
penetrate most deeply while tiltra 
violet, violets, and orange-reds 
N are most quickly absorbed. On 
the order of 90% of the total 
illumination which penetrates the 
surface film is absorbed in the 
first 10 meters of even the cleiarest 
water, thus tending to warm the 
upper layers. 

6 Water movements 

a Waves or rhythmic movement* 

1) The best known are traveling . 
waves caused by wind. These are 
effective only against objects near 
the surface. They have little 
effect on the movement of large 
masses of water* 

2) Seiches 

Standing waves or seicheg occur 
in lakes, estuaries, andjother 
enclosed Jpodies of water, but are' 
seldom large enou^ to be 
observed. An ''internal wave or 
sMch** is an. oscillation in a 
submersed mass of water such 

* as a h3rpolimnion, accompanied 
by compensating oscillatioh in the 

^ overlying water so that no 



significant change in^surface 
level is dete^cted. Shifts in 
submerged water/masses of 
this type can havdseyere effects 
on the biot€i and aBb on human , 
water uses where withdrawals 
£^re confined to a given depth. 
Descriptions and analys^ts-of 
many other types and sub-types 
of waves and wave- like movements 
may be found in the literature. 
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b Tides 

1) Tides are the longest waves 
known, and are responsible for 
the once or twice a day rythmic 
rise 3nd fall of the ocean level 
oh most shores around the world. 

2) While part and parcel of the 
same phenomenon, it is often 
convenient to refer to the rise 
and fall of the water level as ^ 
"tide, " and to the resulting 
currents as "tidal currents. " 

* . ' f 

.3) Tides are basically caused by the 
attraction of the sun and moon on 
water masses, large and small; ' 
however, it is only in the oceans 
and possibly certain of the larger 
lakes that true tidal action has 
been demonstrated. The patterns 
of tidal action are enormously 
cbmplicated by local topography, 
interaction with seiches, and other 
factors. The literature on tides 
is very large. • 

c Currents (except tidal currents) 

are steacfy arythmic water movements 
which have had major stucfy only in 
oceanography although they are 
most often observed in rivers and 
streams. They are primarily 
concemed^ith the. translocation of 
water masses. 'They may be generated 
internally by virtue of densi^ changes, 
or externally by wind or tefyestrial 
topography . Turbulence phenomena 
pr edcfy currents are largely respon- 
sible- for lateral mixing in a •current. 
These are of far more importance 
•in the economy of a body of water than 
^mere laminar flow* 

6-5 



d Coriolis force is a r^sxilt of inter- 
action between the rotatlon,of the 
earth, .and^the movement of masses 
or bodies on the earth. Ihe net 
result is a slight' tendency for moving 
Objects to Veer, to the right in the 
northern hemisphere, and to the 
.^left in the southern hemisphere. 
While the result in fresh waters is 
. usuaHy negligible, it may be con- 
siderable *in marine waters. For 
example, oth^r factors permitting, 
there is a tendency in estuaries, for 
fresh waters to move toward ^the 
' ocean faster along the'right bank, 
while salt tidal \yaters tend to 
intrude farther ^land along the. ^ 
left "bank. Effects are even more 
drstmatic in the open oceans., 

Langmuire spirals^'Cor Laiigmuire 
circulatfon) are relatively 
massive cylindrical motion imparted 
to surface waters under the influence 
of wind. The axes of the cylinders 
are parallel to the direction of the ^ 
wind, and.their dejjth and velocity 



depend on the depth of the water, 
the velocity and dtiration of the 
wind, and other factors. The net 
result is that adjacent cylinders 
tend to rotate, in opposite directions 
like meshing cog wheels. Thus 
the water between two given spirals 
may be meeting and sinking, while 
that' between spirsd^ on either side 
will be meeting apd rising. Water 
over the sinking, while thatj^etween 
spirals on either side will be meet- 
ing Wd rising. Water over the 
siflking areas tends to accumulate 
flotsam and jetsam on the surface 
in long conspicuous Unes. 

a This phenomenon is of consider- 
able importance to those sampling 
for plankton, (or even chemicals) 
near the surface^ when the wind 
is blowing. Grab samples from 
either dance might obviously 
differ considerably, and if ' 
a plankton tow is contemplated 
it should be made across the 
.wind in order that the net 
may pass tiirough a succession 
of both dances. 




WATER 
RISING 



WATE?^ 
SURFACE 



WATER 
SINKING 



Figure 2. lanpuire Spirals 
b. Blue dance, water rising, r. Red 
dance^ wafer sinking, floating or 
swimming .objects concentrated. 
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•b Langmuire spirals are not 
* usually established until the 

wind has either been blowing 
for an extended period* or . 
else is blowing rather hard. 
Their presence can be detected 
by the lines of foam and 
other floating material "which 
coincide with the direction 
" "oTtiiewlndv" ~ ; 

6 The'pH of pure water -has been deter- 
mined between 5, 7 and 7, 01 by various 
workers* The latter value is most 
widely accepted at the present time. 
Natural waters of course vary widely 
^ according to circumstances. 

The elements of hydrology mentioned ^ 
abdve represent a selecticrfi of some of 
the more conspicuous physical factors, 
involved in woridng with water quality. 
Other items not specifically mentipned 
include: ipdleeular stnicture of waters, 
interaction^of water and radiation, 
internal pressure, acoustical charac-* 
teristics, pressure-volume-temperature 
relationsh4>s, refractivity, lumi]jescence, ' 
color, dielectrical characteristics and 
phenomena/ solubility, action and inter- 
actions of gases, liquids and solids, 
water vapor, phenomena of hydrostatics 
and hydrodynamics in general*. ^ 
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Part 2: The Aquatic^Bnvironment as an Ecosystem 



. I ^ INTRODUCTION ^ 

\ 

Part 1 introduced the lithosphere and the ' 
hydrosphere. <;Part 2 will deal with certain 
general aspects ofjthe^blosphere^. or the—- — 
sphere of life on this earth, which photo- 
graphs from space have shown is a finite, 
globe in infinite space. 

This is the habitat of vman and the othe3> .., 
organisnls. His relationships with the 
aquatic biosphere are our commoij concexp. 

:n THE. BIOLOGICA L NA TURE OF THE 
WORLD WE llVE IN 

A We can only imagine what this world . 
must have been like before there was life. 

B The world as we know it is largely shaped 
by the forces of life. 



m cECOUXSY IS THE STUDY OF THE 
INTERRELATIONSHIPS BETWEEN* 
ORGANISMS, -AND BETWEEN ORGA- 
NISMS ANf) THEIR ENVIRONMENT. 



The~ ecosystem is the basic functional 
unit of ecology. Any area of nature that 
includes living org£uiisms and nonliving 
substances interacting to produce an 
exchange of materials between the livfhg 
-and nonliving parts constitutes an 
ecosystem. (Odum, 1959) 

1 From a structural standpoint, it is 
convenient to recognize four 
constituents as composing an 
eco^stem (Figure 1). 

a Abiotic NUTRIENT MINERALS 
^ which are the physical stuff of 
which living protoplasm will be 
synthesized. 



,1 Primitive forms^of life created organic 
matter Sind establisheid soil. 

2 Plants cover the lands and enormously 
influence the forces of erosion. 

3 The nature and rate of erosion affect 
the redistribution of materiala 

(and mass) on the surface of the 
^ ea^th (topographic changes). ^ ' 

"4 ^rganisms tie up vast quantities of 
^ cei^ia chemicals, such as carbon 
and oxygen. 

. 5 Respiration of plants an^ animals^ 
releases carbon didacide to the^ 
atmosphere in influential quantifies . ' 

6 COg^affects the heat transmission of 
the atmosphere. r 

C Or^uiisms respond to and in turn affect 
% ;^their envii;;onment. Man is one of the 
xnost influential . ^ 



b Autotrophic (self^nourishing) or 
PRODUCER organisms. These 
are largely the green plants 
(holophytes), but other minor ^ 
groups must also be included 
(See Figure 2). They assimilate 
the nutrient minerals, ^by the use 

' of considerable, energy, and combine 
them into living organic substance. 

c Heterotrophic (other-nourishing) * 

CONSUMERS (holozoic). are chiefjy '* 
the animals. They ingest (or eat) 
and digest organic matter, releasing 
considerable energy in the process. 

d Heterotrophic REDUCER S are chiefly 
bacterla^and fungi that return " 
complex organic compounds ba*ck to 
the original abiotic mineral-conditioni 
thereby releasing the remaining 
chemical energy, 

2 From a fimctional ^standpointii^'^an ^ i"!^ 
ecosystem has *tw9 parts (Figure 2)' 



ERJC: 
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GO NSUmiERS 




PRO DUCERS 



redui;ers 




NUTRIENT 
MINERALS 




FIGURE 1 



ERIC'* 



The' autotrophic or producter 
organisms^ which utilize light 
energy or the oxidation of in- 
organic compoimds as their 
sole energy source* 

The^ heterotropic or consumer 
and reducer organisms which 
jitilizes organic compounds for 
its energy and carbon requirements. 



3 UnlesB the autotrophic and hetero- 
trophic phases of the cycle approximate 
a (fynamid equilibrium; the ecosystem 
and the envirdnment-will change. 

Each of .these groiq)s includes simple^ 
sifigle-celled representative^^ persisting ^ 
at lower levels on the evolutionary stems . 
of the hi^er organism?. (Figure 2) 

1 These grpups span the gaps between the 
hi^er Idngdpms with a multitude Of 
transitional forms. They are collectively 
caUed the PBOTISTA and MONERA, 



10 



These twc^groups can be defined on * 
thei basis of relative complexity of ^ 
structure. 

a The.bacteria and blue-green algae^ 
lacking a nuclear membrane^ are- 
the Monera". ^ ' ^ 

y * 

b ' The single- celled dflgae and " 
protozoa are Protista. . ' ' 



C Distributed throughout these groups will 
be found most of thfe traditional "phyla*' 
of classic biology. 



IV FUNCTIONING OF THE ECOSYSTEM 

A A food chain is .the transfer of food energy 
from plants through a series of organisms 
with repeated eating and being eaten. 
Food chains are not isolated sequences but 
are interconnected. 
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RELATIONSHIPS BETWEEN FREE LIVING AQUATIC ORGANISMS 

Energy Flows from Left tCTight, General Evolutionary Sequence is Upward 



PRODUCERS I ^ CONSUMERS 

' . . * . ,1 Orcr&nic Material Ineest< 



Organic Material Produced , 
Usually by Photosynthesis 



Organic Material Ingested or 

t Consumed j 
' Digested Internally 



REDUCERS 

Organic Material Reduced 
by Extracellular DigesUon 
an4 Intracellular Metabolism 
to Mineral Condition 



ENERGY STORED 



ENERGY RELEASED 



ENERGY RELEASED 



, Flowering Plants and ' 
Gymnosperms 


Arachnids 
Insects 


. 1 
Manunals 

Birds 


Basidiomycetes 


Club Mosses, Ferns 


Crustaceans 


Reptiles 




• 

Liverworts, Mosses 


Segmented Worms 
Molluscs 


Amphibians 
F;lshes 


Fungi imperfecti 


Multicellular Green 
Algae 


Bryozoa 
Rotifers, ; . 
Roxindworms - 


Primitive 
Chordates 

Echinoderms 


Ascomycetes ^ 


Red Algae 


Flatworms 






Brown Algae 


Coelenterates 

Sponges 


Higher Phycomycetes 



DEVELOPMENT OF MULTICELLULAR OR COENOCYTI C STRUCTURE 
m—, ' * 7" 



PROTISTA 



•Unicellular Green Algae 
Diatoms 

Pigmented Flagellates 



Protozoa 

Amoeboid Cilliated 

Flagellated, Suctoraa 
(non-pigmented) 



Lower- 
Phycomycetes 
(Chytridiale^, et. al. ) 



DEVELOPMENT OF A NUCLEAR MEMBRANE 



Blue Green Algae~ 



Phototropic listeria 

Chemotropic Bacteria 



—I r— 

MONERA 

I I 
I I 
I I 
II 
I I 
I I 



J 



"Actinomycetes 
' Spiroch£Mttes 



Saprophytic 

Bacterial 

Types 
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FIGURE 2 



B A foochveb is the interlockiiag pattern of 
food chains in an ecosystem. (^{Figures 3, 4) 
In complex naturai^commxmities,, pVgs^sms 
Whpse food is obtained by the same numb^ 
• of steps are ^ald to belbng to the same 
, trophic (feeding) leveV 



1 



C Trophic Levels 



1' First — Green-plants-(pTOducers>- • 

(Figure 5) fix biochemical ^iiergy and 
' synthesize basic organic substances. 
This is primary production . 

2 Second - Plant eating animals (h^hivores) 
4epend on the producer organisms\for* 

' food. 

3 Third - Primary carnivores, animals 
which feed on herbivores. 

4 Foturth - Secondary carnivores feed on\ 
primary carnivores. 

5 Last - Ultimate carnivores are the last 
or ultimate level of consumers. 



D Total Assimilation 

The amount of energy which flows throng 
a trophic level is distributed between the^ 
.production of biomass (living substance), 
and the demands of respiration (inte^al 
energy use by living organisms) in a ratio 
of approximately 1:10, 
E Trophic Structure of the Ecosystem 

The interaction of the food chain 
phenomena (with energy loss at each 
transfer) results in various communities 
liaving definite trophic structure or energy 
levels, ^trophic structure may be 
measured and described either in terms 
of the standing crop per unit area o*r in 
terms of energy fixed per unit ai*ea per 
unit time at successive trophic levels. 
Trophic structure and fimction can be 
shown graphically by means of ecologifcal 
pyramids (Figure 5), 



1 




A 



Figure 3 . DJagrtm of tba poad'tcotntmu Bailc tmlU are as follows: I, abiotic substan^-basio Inorgtf^lf and 
omaie compowSs; HA. produccts-rooUd vcgcUttom UB, produccrs-phytoplanKton; lU-lK primary consumers 
aJ5bivom)-bo^^ (lierbivorejr)-zooplaiikton; m-i secondMy consuiacrs (cw 

ihomh tKtiiiy oomamia (iMOodasy Amlvoret) ; IV» decompost^-bactcrk and fungi of decay. 
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Figure 4. a MARINE ECOSYSTEM (After Clark. 1954 and Patten. 1966) 
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li Decomposers ^ | . I Carnivores (Secondarjr) 

J] Carnivores (Primary 

P • \ Herbivores 

' Producers | 



4 



(c) 



7^1 I I I I I ITJ 



Includes bacteria, algae, protpzta, and 
other microscopic animals, and often the 
•young or embryonic stages of algae "and. 
other organisms that liormaUy grow up 
to become a part of the benthos (see belowK 
Many planktonic types will also adhere » ^ 
to surfaces as periphytori, and some 
typical periphyton niay break off and ^ 
be^ollected as plankters. . 



Figure 5. HYPOTHETICAL PYRAMIDS of 
(a) Numbers of individuals, (b) Biomass, and 
(c) Energy (Shading Indicates Energy Loss). 



V BiCmC COMMUNITIES , 

A 'Plankton are the macroscopic and ' > 
. microscopic animals, plants, bacteria, 
. etc. , floating free in the open water. * 

• Many clog filters;^ cause tastes, odors, 

* a,rid other troiAles in water suppUes. ^ -"^ 
Eggs aaid larvae of larger forms are ^ ' 
often present. • V.. * ^ * . 

1 ^Pl^bptenktQnar^pli^t- like. ^. These 
are the dominant producfers^^'tfie 

* '-'water s,/f;»esh aiid sayir."tlie^^ass 
of the seas ^^'^ 

2 ^2k>opll&kton are aj^mal- like. 
''includes many d^difent'anim^ types, 

range fn eize f3:om, minut^I^^otozoa . 
. .tb gigantic naai»iiie JeUylfisSes^; . . 

* r/* ' ' '/ ' • 

; B Pejrlphyton (or Aufwuchs) - Th^ communitieg 
of/ixiicro'scopic organispas associated with 
suJ?m6rged Burfacea of any type or depth. 



C Benthos ^e the plants and a^iimals living 
on, in, or closely associated with the 
bottom. They include plant§ and 
invertebrates. - 

D Nekton are' the community of strong 

aggressive swimmers of the cfpen waters, 
often called pellagic. Certain fishes, 
whales, and Invertebrates such as 
shrimps and squids are included here. 

E The marsh community is based on larger^ 
. Hhigher" plants, floating and emergent. 
Both marine and freshwater marshes are 
areas of enormous biological production. 
Collectively known as "wetlands", they 
' bridge the gap between the waters v^and the 
dr/ lands. 



VI 



PRODJLJCTIVltY 

»^ ♦ 

O'he biological resultant of all physical 
and chemical factory in the quantity of 

clife that may actually be present. The 
ability to produce this'"biomass" is 

, oft6n ref^erred to^s the "productivity*' 

'of a body orwater . This is neither good 

- not^ba<iper se> A water of low pro- 
ductivity is a "pdori' water biologically, 
and also a relatively "pure"'c/r "clean"' . 

"Av^atep; heijce desirable as a water supply 
or a bathfiig beach.^ A productive water 
on the otl^er hand m4y be a- nuisance to 
man or hi^l^ desirable. It is a nuisance 
if foul odoics and/ or Wj^ed-chocked 
tvat'ferways insult, it is desirable if 

. humjpelk cfops-otbass, catfish^ or 
«oystefs.are produced. Open oceans, have 
a low level of producttrtty in "general. 

67 « A". 
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VII VERSiSTia^T CHEMICALS IN THE 
,,ENVmDNMENT 



Increiblngly compleix m aimf&cttudng-pgocesgeg^ — 
coupled with rising indu8trialization« create 
heialtii hazards for l^umans and'^qoatlc life! 

Compounds besides being to^ (acirtely or 
chronic) may produce mutagenic effects 
including c^cer> tumors « and teratogenicity 
(embryo defects)^ ^' Fortunately there arertests; 
such as tiie Amis iest^ to screen cheinical « 
compounds fo^ these effects^ . . 

^ Metals * current levels of cadmium, lead 
and other substances constitute a moimt- 
ing concern. Mercury pollution,- as at 
Minimata,. <](apan has been fully documei^ted. 

B Pesticides * , ' ' 

1 A pesticide and its metabolites ihay 
move through an ecosystem tn many 
ways. Hard fpesticides which are ^ 
persistent, having a long half-lifie in 

the environment includes the organo- 
' - chlorines, ex., DDT) p^rticides 

ingested 'or otherwise borne by ^e' 
target* specie^ will stay-in the 
erivi^jtfnent, possibly to be recycled . 
^ or ai^ntrated further throilgh the * 
natural action of food'' chains if the 
species^ is eaten.' Most oi the volume - . • 
- of pesticides clo not reach thei^r target 
at all. * . ' ' * * 

2 Biological magnification ' 

* , y * / ^ 

Initially, low levels of persigtent 
pesticides in air, soil, and water may 
be concentrated at every step-up Ijie 
food q^ain. Minute aquatic organisms 

' and scavengers, \j|Jiich screen water and ^ 
, bottom 'Inud having pesticide levels of a 
few parts per. billion, can accumulate 
levels measured in parts per million— a 
; , thousandfold increase. - The sediments 

' including -fecal deposits are continuously 

• recycled by the bottom anims'' 



a Oystersj *for ijjstance, will conr 
centrate DDT, 70, 000 twhe^liigher 
in, th eir tissues than it's^ cojacentrntion- 
-in surrouh^ing water^ They; can 
. ,also partially cleanse theniselveiy , 
'in water free of DDT. 



^'ish feeding on lower organisms '* 
build up concentrations in their 
viscergl fat which may reach several * 
thousand' {>arts per million'and le^erl*-- ,^ 
in their edible fl^sh of hundreds oT 
•parts per million. 

Larger^anixnals, such as fish-eating^ 
gulls and other birds, ^an-iurther 

- concentrate the chemicals. A survey 
on organochlorine .residue^ in. aquatic 
birds, in the Csuiadian prairife provinces 
showed that California and ringrbilled ^ 
gulls were among the most contammated. 
Since gulls breed in colonies, Ijretsding , 
population changes can be detected aaid , 
related to levels of chemical con- 
tamination. Ecological research on^ 
colonial birds to monitor the effects - 

^6f chemical poUuti.o'n on the environ-' 
inent is useful. , • ^ . 



/"Polyghlprinated'hiphenyls'^ (PCB^s).. ^ 
PCB*s were used In plasticizers, asphalt, 
ink, paper, and a host of other products. 
Action was^ taken to cuittail their release 
to the environment, since Iheir 'effecta 
are similar to hard pesticides. However 
this doesn't solve the problems of con- 
taminated sediments and ecosystems and 
final fate of the PCB's still circulating. 




There are numerous other compounds 
which are toxic and accumulated in the 
ecosystem. 



i 
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Part 3. The Freshwater Environment 



I INTRODUCTION 

The freshwater environment as considered 
herein refers to those inland waters not 
detectably diluted by ocean waters, although 
the lower portions of rivers are subject to 
certain tidal flow effects. 

Certain atypical inland waters such as saline 
or alkaline lakesT springs » etc. »• are not 
treated, as4he'inain»objective here is typical 
inland water* - 

All waters have certain basic bio^o^cal cycles 
and types of interactions most of wluch have 
already been presented, hence this outline 
^^^^iU concentrate on aspects essentially > 
peculiar,to fresh inland waters. 



n -^PRESENT WATER QUALITY AS A * 
FUNCTION OF THE EVOLUTION OF 

* FRESH WATERS 

A The history of a 1bo(fy of water determines 
its present conditipn. **Natural waters have 
evolved in the course of geologic time 
into* what we know today. ^ 

B Streams 

In the course of their evolution, streams 

* in general pass throu^ four stages of 

, * development which may be called: birth, 
youth, niaturity, and old age/ 

These terms or conditions may be , 
employed or considered in two contexts: 
temporal, o& spatial. In terms of geologic 
time, a given point in a stream may pass « 
through each of the^ stages described below 
or: at aiqr given time^ these various stages 
of development can be looseljr identified 
in successive reaches oFk stream travelin| 
from its headwaters to base level in bceaja 
or major lake. 



Establishment or birth. ' This > - 
nai^t be a "dry run" or headwater 
strean^bed, before it had eroded 
down to fhe level of ground wsfter. 



During periods of run- off after a 
rain or, snow- melt, such a guHey 
would have a flow of water which 
mi^t range from torrential to a ^ 
mere triclcle. Erosionjnay proceed 
rapidly as there is no permanent 
aquatic flora or faiuia to stabilize 
streambed materials. On the other 
hand, terrestrial^ass or forest 
growth may retard erosion. When , 
the run-off has passed, however, 
the "streambed" is dry. . , 

YouthfqJ. s^treams. * When the 
streanibed is eroded below the 
ground water level, spring or ; 
seepage water enters, and the ' ^ 
stream becomes permanent. An 
aquatic flora and.^una develop^ 
and water flows tfie year round. 
Youthful streams typically have a ^ 
'relatively steep-gradient, rocky beds,* 
with rapids, falls, and smaH^^op]^ . v 

Mature streams. Mature streams 
have -wide valleys, a developed 
flood plain, are deeper, more 
turbid, and usually have warmer 
water, sand^ mud, silt, ^ or <^y 
bottom materials which ^^to witti 

' increase in flow. In their^more \ ^ 
favorable reaches, streams in this 
condition are at- a peak of biological 
ni?oductivity. Gradients are moderate, 

/Riffles or rapids are often sepal^ated' 
by long pools. * 

In old age, streams .have appro|Lched 
geologic oase level, usually the 
ocean. During tflood stage they scour 
their beds^ and deposit materials on 
the flood pMn which may be very 
broad and flat. . During normal flo'^ 
the. channel is refilled and many . 
shifting bars are developed. Meanders 
and ox-bow lakes are often formed. 
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(Under the influen9^f man this 
pattern may be broken' up, or- 
^ temporarily interrupted. Thus an 
^ essentially ^'youthful" stream might 
fake on some of the characteristics 
of a "mature" stream following soil 
erosion, drganic enrichment, and 
increased surface runoff. Correction 
of these conditions might likewise be 
followed by at least a partial ffeversion 
_ — fo'lhe "original" condition). . 

C Lakes and Reservoirs 

Geological factors which significantly 
affect the nature of either a stream or 
lake include the following: > 

1 The geographical ^cation of the 
drainage basin or watershed, 

2 The size ai*f ^hape of the drainage . 
basin. 

3 The general topography, i.e., 
mountainous or plains. 

4 The character of the bedrocks and 
soils. 

5 The character, amomit, annual 
distribution, and rate of precipitation,, 

6 The natural vegetative cpvej* of the * 
land, is, of course, responsive to and" 
responsible foy many of the above 
factors and is alsg^/everely subject 
to the whims of civilization. This 

is one of the major factors determining 
' nm- off versus soil absorption, etc. 

D Lakes have a developmental, history whidi 
somewhat parallels that of streatos. IMs 
process is often referred tq as natural * 
' e1tfrophicati6n. • , 

' I' The methods of -formation vary greatly, 
but all influence the character and 
stibsequent history of the lake. 

r ' * 

In glaciated areas, for example, a* ^ 
huge^block of ice may have been covered 
- ^ "with till. The glacier retreated, thd 
.2 ice melted, and the resulting hold r 



became a lake. Or, the glacier may 
actually scoop out a hole. Landslides 
may dam valleys, extinct volcanoes may 
collapse, etc., etc. . 

2 Maturing or natural eutrophication of 
^ lakes* 

a If not alreacfy present shoal areas 
' are develope'd through erosion 

arid deposition of the shore material 
by wave action and undertow. 

b Currents produce bars across ^ays 
and thus cut off irregular areas. 

c Silt brought in by tributary streams 
settle 1^ out in the quiet lake water 

d Algae grow attached to surfaces, 
and floating free as plankton. Dead 
oi'ganic matter begins to accumulate 
on the bottom. 

e Rooted aquatfc plants grow on 
shoals and bars, and in. doing so 
cut off bays and contribute to the 
filling of the lake. 

f Dissolved c^bonates and other 

materials are precipitated in the 
deeper portions of the lake in part 
• through the action of plants. 
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When filUng is well ^advanced, 
mats of sphagnum moss may extend 
outward from the shore*- These 
mats are followed by sedge§ and 
grasses which finally convert the 
lake ihto a marsh. 



* Extinction of lakes. After lakes reach 
maturity, their progress toward 
filling up is accelei'ated. They become 
'extinct through: 

\ a The downcutting of the outlet.. 

, b billing with detritus eroded from 
the shores or brought in by' 
tributary streams. 



Filling by the accumulation of the 
ifemains of vegetable materials i 
growing in the lake itself. 
(Often two or 'three processes may 
a^t concurrently) ^ 
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m PRODUCTiyiTY IN FRESH WATERS 

A Fresh waters in general and under 
natural conditions 1^ definition have a 
lesser supply of dissolved substances 
•than marine waters, and thus a lesser 
basic potential^ for the growth of aquatic 
organisms. By the same token, they 
may be said to be more sensitive to ihe 

^ addition of extraneous materials 
(pollutants, nutrients, etc.) The 
following notes are directed toward 
natuiral geological and other environ- 
mental factors as they affect the 
productivity of freeh waters* 

B Factors Affecting Stream Productivity 
(See Table 1) " ' 

TABLE 1 

f 

EFFECT OF SUBSTRATE ON STREAM 
PRODUCTIVITY* 

(The ^pAductivity of sand bottoms, is 
tsJcen as 1) 



As the stt'eam flows toward a more 
'^mature** condition, nutrients tend to 
accumulate; and gradient diminishes 
and so time of flow increases, tem- 
perature tends to increase, and 
plankton flourish. 



Bottom Material 


Relative 
Productivity 


k ' — ' ■ 

Sand. 


1 


M^l 


6 


Fine Gravel 


9 


Gravel and silt 


14 


Coarse gravel 


32 


Moss on fine gravel 


89 


Fi^sldens (moss) on coarse 


111 


gravel 




Raixunculus (water buttercup) 


194 


Watercress 


301 


Elodea (waterweed) 


452 



♦Selected from^Tarscwell 1937 

To be productive of aquatic life, a 
" stream must provide adequate nutrients, 
•)\ li^t^ a suitable temperature, and time . 
• for growth to take place. \i 

1 ^otithful Gftr earns, esp^cially^on rock 
or B^^^BvbsttsA^fi are low In essential 
nutrients. Temperatures in moun- 
tainous regions are usually low,''^d 
due to the steep gradient, time for 
growth is short « Althou^ ample 
ll^t 4s available, growths of true 
planjcton is thus greatly limited. . 



Should a heavy load of inert silt 
, develop on the other hand, the 
, turbidity would reduce the light 

penetration and consequently the 

general plankton production would 

diminish. 

3 As the stream approaches base level 
(old age) and the time available ior 
plankton growth increases, the 
balance between t^bidity, nittrient 
levels, and temperature and other 
seasonal conditions, determines the 

^ overall productivity. 

C Factors Affectingtthe Productivity of 
lakes (See Ta^jle 2) 

1 'The size, shape,. and depth of the 
lake basin. Shallow water is more 
productive than deeper water since 
more light will reach the bottom to 
stimulate rooted plant growth. As* 
— ' ar^roaary, lakes. with more shore- 
line, having more shallow water, 
are in genei*al more productive. 
•Broad shallow lakes and resei^oirs 
have the greatest production potential 
(and hence should be avoided for 
water supplies). 

TABI^ 2 / ' • 

EFFECT OF ^UBSTRATE 
ON LAKE PRODUCTIVITY * 

(The productivity of sand bottoms is taken as 1) 



Bottom Material / 


Relative Productivity 


Sand ^ / 

Pebbles 

Clay 

Flat rubble ' 
Block zoibble 
Shelving ^ock 


1 
4 

^ 8 !:W 

9 

11 

.77. 



♦ Sejected from Tarzwell 1937 

.7 . ■• • ■ 
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V 



D 



Hard waters are generally more 
productive than soft waters as there 
are more plant nxrtrient minerals 
available. This is often greatly in- 
fluenced by the character of the soil 
%xid rocks in the watershed smti^the 
qxiality and quantity of groimd water 
entering the lake. In general, pH 
rang^ of 6, 8 to 8. 2 appear to be 
most productive. 

Turbidity re duces .productivity as 
flight penetration is reduced. 



4 The presence or absence of thermal 
stratification with its semi-annual 
turnovers affects productivity by ^ 
distributing nutrients throughout the 
water mass, 

"5--^limate»-lemperattire, prevalence of 
ice and snow, are also of course 
important, * 

Factors Affecting the Productivity of 
Reservoirs 

1 The productivity of reservoirs is 
governed by much the same- principles 
a9 that of lakes, with the difference 
that the w^ter level is much more^ 
under the control of man. Fluctuations 
in water level can be used to de-- 
liberate]^ increase or (decrease . 
productivity. This canTDe demonstrated 

• by. a comparison pfjhgl TVA reservoirs 
which practice a sxunmer drawdown 
with some of those in the west where 
a winter drawdown is the rule., 

2 Tlie level at which water is removed 
from a reservoir is importatit to the 
productivity of the stream below. 
The hypolimnion may be anaerobic 
while the epilimnion is aef obic, for 

^ example, or the epilimnion is poor in 
nutrients while the hypolibmibn is 
relatively rich, * . . * 

3 Researvoir discharges also profoundly 
affect the DO, temperature, and 
ttirbidity in the stream below a dam. 
Too much fluctuation in flow may 
permit sections of. the stream to dry, 
or providednadequate dilution for > 
toxic waste. 



IV CULTURAL EUTROPHICATION 

A The general processes of natural 

eutrophication, or natural enrichment 
* and productivity have been briefly out- 
' lined above. 

B When the activities of man speed up 
.these enrichment processes by intro- 
ducing luinatural qiismtities of nutrients 
(sewage, etc, ) the result is often called 
cultural eutrophication . This teVm is 
often extended beyond its original usage 
to include the enrichment (pollution) of 
streams, estuaries, and even oceans, as 
well as lakes. 



V CLASSIFICATION OF LAKES AND 
RESERVOIRS ^ 

A The productivity of lakes and impound- 
ments isr such a cbnspicupiisjeature that 
it is often used as^a convenient mesmsUf 
classification, 

1 Oligotrophic lakes are the younger, 
less productive lakes, which are deep, 
have clear- water, and usiially support 
Salmonoid fishes i|^ their deeper waters. 

2 Eutrophic lakes are mdte mattire, 
more turbid, and richer. They are 
usually shallower. They are richer 
in dissolved solids; N, P, and Ca are 
abundantip^Plankton is abtmBant and . 
there i^Mten a rich bottom *fa\ma. 

3 Dystrophic lakes, such as bog lakes, 
are low in Ph, water yellow to brown, 
dissolved solids, N, P, and Ca scanty 
bitt humic materials abund^, bottom * 

' fauna and plankton po6r, and fish 
species are limited. « 

B Reservoirs may also be classified as 
storage, and run of thle river, 

1 Storage reservoirs have a large , 
voltmie in relation to their inflow, 

2 Run 9f the river reservoirs have a 
large flow-tthrough in' relation to their 
storage value. ^ 
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C According to location^ lakes and 

reservoirs may be classified as polar« 
. temperate, or tropical. Differences in 
climatic and geographic conditions 
restdt in differences in their biology. 



VI SUMMARY 



B 



A body of water such as a>lake, stream, 
or estuary represents an intricately 
balanced ^stem in a state of dynamic ' 
equilibrium. Modification imposed at 
one point in the system automatically 
results in compensatory adjustments at 
associated points. ' ' 

/* 

The more thorough our knowledge of the 
entire system, the better we cBn judge 
where to impose control measures to 
achieve a desired result. / 
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Part 4. .The Marine Environment and its Role in the Total Aquatic Environment 



I INTRODUCTION / 

A The marine envir9nment is arbitrarily 
defined as the water mass extending 
beyond the continental land masse s, 
including the plants and animals harbored 
therein* This water mass is large and 
deep, covering about 70 percent of the 
earth's surface and being as deep as 
7 miles. The salt content averages 
about 35 parts per thousand. Life extends 
to all depths. 



B The general nature of the water cycle on 
earth is well known. Because the largest 
portion of the surface area of the earth 
is covered with water, roughly 70 percent 
of the earth's rainfall is on the seas. 
* (Figure 1) • - 



/ imt OcMnie 
/ Ev«por«tior \ 



70% 




PERi 



TABLE 1 

;GENTAGE COMPOSITION OF THE MAJOR IONS 
X^E^TWX) STREAMS AND SEA WATER 



(Data from Clark/^.W.> 1924, "The Composition of River 
and' Lake Watep^ the United States", U.S. Geol. Surv., 
Prof. Paper No. 135; Harvey, H.W., 1957, "Tne Chemistry 
and Fertility of Sea Waters", Cambridge University Press, 
Cambridge) 



Ion 


Delaware River 
at 

Lambertville, N.J. 


Rio Grande 
at 

Laredo, Texas 


Sea Water 


Na 


6.70 


14.78 


30.4 


K 


1.46 


.85 . 


1.1 


Ca 


17.49 
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1. 16 


Mg 


4.81 


3.03 


3.7 


CI 


4.23 


21.65 


55.2 


SO, 


17.49 


30. 10 


7.7 




32.95 


11.55 


^■HCOg 0.35 



n 



For this presentation, the marine » 
environment will be (1) described using 
an ecological approach, (2) characterized 
ecologically by comparing it Avith fresh- 
water and estuarine environments, and 
(3) considered as a fimctional ecological 
system (ecosystem). 
- ^ 

FRESHWATER, ESTUARINE, AND 
MARINE ENVIRONMENTS 



f 



vERlC 



Flffir* 1.. THE WATER CTCLT* 

Since roughly-one third of the 
rain which falls on the land is again 
recycled through the atmosphere 
(see Figure 1 again), the fotal amount 
of water washing over the eaarth*s surface 
is significantly greater than one third of 
the total wdrld rainfall. It is thus noj 
surprising to note that the rivers which* «^ 
finalty empty into the sea carry a- 
disproportionate burden of dissolved and 
suspended solids picked up from the land* 
The chemical composition of this burden 
depends on the composition of the rocks 
and soils through which the river flows, 
^the proxinjity of an ocean, the direction 
of* prevailing winds, and oth^r factors • 
This is the substance of ^geological erosion, 
(Table 1) 



Distinct differences are foun^ in physical, 
chemical, and biotic factors in going from 
a freshwater to an oceanic environme?ht« 
In general, environmental factors are more 
constant in freshwater (rivers) an.d'oceanic 
environmentkthan in the highly variable 
and harsh envrronrhents of estuarine and 
coastal waters. (Figure 2> 

A Physical and Chemical Factors 

Rivers, estuaries, and oceans are 
compared in Figiire 2 with reference to 
the relative instability (or variation) of 
several important parameters. In the 
oceans, it will be noted, very little change . 
' occurs in any parameter. In riyers, while 
"salinity". (usually refei*redto as ^kll&solved 
solids") and temperature (accept^g nonmal 
seasonal variations) change littfle, the^)ther 
, iovr parameters vary considerably. In - 

estuarijBs, they all change. , 

23 
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-^e-Acruatic-Envfaromneat- 



Type of environment 
and general direction 
of water movement 



Degree of instability 



Salinity 



Temperature 



. Watet 
elevation 



"VerticaF 
strati- 
fication 



Avail- 
. ability 
of 

nutrients 
(degree) 



Turbidity 





Oceanic 



Figure 2 . RELATIVE VjMjUES OF VARIOUS PHYSICAL AND CHEMICAL FACTORS, 
FOR RIVEr/^STUARINE, AND OCEANIC ENVIRONMENTS 



B Biotic Factors 

1 A complex of physical and chemical 
factors-determjne the biotic copiposi- 
tion of an environments Li-genejr^, 
the number of species in a rigorous, 
highly variable environment tends to be 
less than the nimlber in a more stable 
environment (Hedgpeth, 1966). , " 

2 The dominant animal species (in 
terms of total biomass) which occur- 
in estliaries are often transient, 
spending only a part of their, lives in 
the estuaries/ This resT^jTs in better 
utilization of a rich environment. 



C Zones of the Sea 

The nearshore environment is often ^ 
classified in relation to tid^ level and 
water depth. The nearshore and offshore 
— -oceanic regions together, are often 

classified with reference to light penetra- 
tion and water depth. (Figure 3) ^ 

1 Neritic - Relative^ shallow- water 
zone which extends from the high-' 
tide mark to the edge of the 
continental shelf. 
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MARINE ECOLOGY 

PELAGIC- 




Figure 3 — Classification of marine eftvironments 



a— StabilityLof-physical-iactors ia 

intetmediate between estuarine^ 
* and oceanic environments • 

Phytoplankters are the dominant 
producers but in some locations 
attached algae are also important 
' c as producers. 

c The anii^al consimiers vare 

zooplankton^ nekton^ andbenthic 
formsv 

Oceanic - The region <rftfie*ocean 
bgyond:thel:ontinent al shelt. Divided 
iffto three parts^ all relatively 
poorly popiilated compared to the 
neritic zone. . * 

a^ Euphotic zone - Waters Into which. 
smli^t penetrates (often to the 
bottom In the. neritic zone). The 
zone of primary prodtjctivity often ; 

extends to 183 m«ton below &e 

isurface. . 



JJ_ Physical f actors^fluctuate_ _ 
less than In the neritic zone. 

2) Producers are the phyto- • 
plankton and conaximers are 
the zooplankton and nekton. 



b Bathyal zone - From the bottom 

of the euphotic zone to about 
^ 2000 meters. • 

A) PhyScal factors .relatively 



constant but ligjit is al^sent. 
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2) Froducersjare absent and 
eonsumers are scarce . 

Abyssal zone ^ J^ll the sea below 
the bathyal zone. , • ' 

1) Physical factors more con- 
stant tiian in bathyal zone. 

2} Producers absent and consumers 
even less'^abundant thaii'tn the 
. bathyal zonei 
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m SEA WATER AND THE BODY FLUIDS 

A •Sea' water is a remarkably suitable 
environment for living cells, as it 
contain^ all of the chemical elements 
^ essential to the growth and mtaintenance 
of plantjs £uid animals. The ratio and 
often the concentration of the major 
salts .of sea water are strikingly similar 
in the cytoplasm and body fluidEf. of 
xnarine organisms. This similarity is 
also evident, although modified somewhat 
in the body fluids* of fresh water 'and 
terrestriad animals. For example, 
sterile sea water may be used in 
emergencies as a substitute for blood 
^ . plasma in man. 

^ B Since marine organisms have an internal 
salt content similar to that of their 
'surroimding medium (isotonic condition) ' 
osmoregulation poses no problem. On the 
other hand, freSh water organisms are 
hypertonic (osmotic, pressure of bocfy 
' fluids is higher than that of the. surround- 
ing water). Hence,. fresh water animals 
must constantly e:g)end more energy to 
keep water out (i.e., high osmotic 

pT^ggiiyia fl^ifHq ronfajn nnnr>tf> gajf the 



action being then to dilute this concen- 
tration with more water), 

1 Generally, marine invertebrates are 
narrowly poikLlosmptic , i.e., the salt 
^ concentration of the body fluids changes 
with that of the externkl medium. This 
has special significance in estuarine • 
situations where salt concentrations 
of the water often vary considerably 
"in short per iodi^of time. ^' - 

-2^— Marine bony--£lsh-(teleoets)-have4ower 
salt content internally than the external 
environment (hypotonic). In order to, 
prevent deBydratiQpi^^vrater is ingested 
- and salts are excreted through^pfecial 
cells in the gills. 



IV 



FACTORS AFJEJ'ECTING THE DISTRI- 
BUTION OF MARINE AND ESTUARINE 
ORGANISMS 



Safeiit 



Salinity. SaSnity is the single most 
constant and controlling factor in the 
njarine environment, probably followed • 
by temperature.. It ranges aroimd 
35, 000 mg. per liter, or "35 parts per 
'thousand** (symbol: 35%o) in the language 
of the oceanographer . While variations 
in the open oceeuir are relatively small, ^ ' 
sal&ity decreases rapidly as one 
approaches shore and proceeds through . ,f 
the estuary and up into fresh water with 
a salinity of'"0'%o (see^Figure 2) 

Salinity and temperature as limiting 
factors in ecological distribution. 

1 Organisms differ in the salinities 
and temperatures in which they 
prefer to live, and in the. variabilities 
of these parameters which they can 
tolerate. These preferences 
tolerances often change with successive 
life history stages^ ancl ii\ turn often - 
dictate where the organisms live 

- their "distribjirtion." 



These jequirements or preferences 
ojften lead to extensive migrations 
of various species for breeding, 
fe'edlng, and growing stages. One 
veiy important result of this is that 
an estuarine environment is ah 
absolute necessity for over half of 
all^coastal commercial and sport • ^ 
related ^^ecies of fishes and invertebrates, 
for-^fiher all or certa^ portions of their , 
life histories. (Part V, figure 8> \^ 



euiy 



The Greek word roots 
(meaning wide) and "steno** (riicjaning 
narrow) are customarily' cof^bined 
with such words as **haline" foV salt, 
and '^thermal'* for temperature, to 
give us **euiyhaline" as an adjective . 
to characterize an organism able tO'. 
tolerate a wide range of salinity 4. for 
example; br ^'stenDthermal** meaixihg 
oni which cannot stand much change 
in'-temperature. **Meso-" iis a prefix 
'indicating an intermediate capacity.. 
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C. Marine, estuirifte, and* fresh water 
QrgBuiisms* (See Figure 4) 




Fresh Water 
Stenobaline 



Stenobaline 



0 



Salinity , 



ca^^ 



^gure 4* Salinity Tolerance of Organisms 

. 1 . Offshore marine organisms are, in 
general, both stenobaline and 
stenothermal unless, as noted above, 
they have certain life history require- 
ments for estuarine coitditipns* 

' 2 Fresh water cjrgahisms ^re ^Iso 

stenobaline, and^(except for seasonal 
adaptation) meso- or stenothermal, 
4jgt(Figure 2) ^ 

3 Indigenous or native esttiarine species 
that normally spend their entire lives 
in the estuary are' relatively few. in 
number . . (See Figm^e 5). They^lare 
generally me so- or euryhaline £uid 
' mesor or eurythermal, ^ 




30 33 



Figure -5. DISTRIBUTION OF 

ORGANISMS IN AN ESTUAilY 

a* ^Eur^^xaline,. freshwater 

b . jthdigex^ous, estuarine, (mi^sohallne) 

c Eiiryhaline, marine • ^ 



Some wiU known and interesting 
examples of migratory soecies which* 
chfiuige their environmentkl preferences 
^ with the life history stage include the 

shriinp (mentioned above), striped bass, 
many herrlngs and. relatives, the X 
salmons, and msuQr others* None are 
more dramatic thsm the salmon hordes 
which hatch in headwater streams* 
migrate far out to feed and grow, 
then return to the mountain stream 
where they hatched to lay their own 
eggs before dying* 

5 Among euryhaline animals landlocked 
(trapped), populations living tn lowereo*^ 
salinities often have a smaller maximum 
size than individuals of the same spet. ies 
^living in riiore saline waters/ For 
^example, the lamprey (Petromyzon 
marinus ) attains a length of nearly one 
meter in the sea, whi^e in the Great lakes 
the length is one-half. 

UsuaUy the larvae of aquatic orgsuiisms 
are more sensiti'vre to changes ui 
salinity than are the adults. This 
characteristic both limits and dictat<»s 
thfe distribution and size of populations. 

D The effects of tides on* organisms^ 

1 Tidal fluctuations probably subject * 
the benthic or intertidal populations 
to the most extreme and . apid variations 
of environmental stress encountered 
in any aquatic habitat. Highly specialized 
communities have developed in this 
zone, some adapted to the i^pcky surf 
zones of the open coast, others to the 
muddy inlets of protected estuaries 
Tidal reaches of fresh jvater rivers, , 

* sandy beaches; coral, reef^ £uid 
'^nangrove swamps the trppics^ all 
have their own floras and faunas. All 
must emerge and flotxri^h when whatever 
water 1hel^e is rises and covers or 
tears at fhtn^j all must collapse or 

^ retract to endure drying, blazing 
tropical-sun, or freezing arctic ice * 
^liiringfee low tide interval. Suchga 
conamnnity is depicted in^Figuref'S. 
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SNAILS 

<j Litlorina neritoides 
^ L. rudi.s 
0 l„ obtuscita 

^ .L. littorea 

BAi< NAPLES . y 

© thihamalus stellatus 
9 Balanus balanoldes 
/S^ B» perforatus 




Figure e . 

Zonation of plants, snails, *and barnacles on a rocky shore, ^\|hile 
puMls diagram is ba§ed bn the^^ituation on the southwest coast oi 
England, the general idea of zojiation maybe aj^plied'to any ter^per- 
aU rocky ocean shore,' though the»species will differ. *The gray 
zone* consists largely of lichens. A4 the left is the zonation of roifks 
with exposure too extreme to support algae; at the right, orf a less 
expoi»ed 5itiiation, the«.nimals Bjge mostly ob^cure'd by the algae. -< 
Figures at the right hand margin refer to the percent of time that 
the zone is exposed to the air, i.e., the tin\e that the tide^is out. • 
Three major zones can be 'recognized: the Littorina 'aone (above the 
gray zone); the Balaaoi(J zone (bettveen the gray zone and the 
laminarias);^ and tjie Laminaria ione. a. Pelvetia caria lieu lata; 
b, Fucus spiralis ; c. Ascophyllgm nodosum; d. Fucus serratus; 
e. Lamiharia digitata . (B^e^ on Stephenson) 
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'The Aquatic &ivironinent 



V FACTORS AFFECTING THU 
' ■ PRODUCTIVITY OF THE MARINE • 
ENVIRONMENT 

A /The sea is in continuous circulaUSiv With- 
o\it circulation, nutrients of the ocean would " 
eventually become- a. part of the .bottom and. 
biolpgical production would cekse. Generally, 
in all oceans there exists a warm surface 
layer which overlies the colder w^ter ^nd ^ 
forms a two- layer system of persistent 
. stability. Nutrient -concentration-'is usually 
greatest in the lower zone. Wherever a 
mixing or disturbance of these two layers . 
occurs biological prpductioi^^is greatest^, 



F The estuaries are also a mixing. zone of 
enormous importance. »Here the tertilily 
* vrashed off the land is mingled with the 
nxitrient capacity of lieawater, ^d many 

, < of tlje would* 5 most productive waters ^ 
re^t. . * 

•J 

C When man %dds his cultural contributions 
of sewag^, fertilizer, silt or toxic waste, 

' it is no wonder ti^t the dynamic equilibrium 
of the ages is rudely upset, and the 
environmentalist crleS, ^'Siee what xi;ian 
hath wrought*' 1 " ^ 

.fr — v"^- — — 1 

ACaCNOWLESDGEMENT: 
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Part 5: Wetlands 



I INTRODUCTION' 

A Broadly defined^ wetlands are areas * ' 
which are "to wet to plough but too 
thick to flow. " The Boil tends to be 
saturated with water, salt or fresh, 
and numerous* channels or ponds of ? . 
shallow or ojfen water are common, . 
Due to ecological features fbo numerous 
and variable to list here, they comprise 
in general a rigorous (hi^ly stressed) 

- habitat, occupied by a small relatively 
specialized indigenous (native) flora 
and fauna. ' 

B They are .prodigiously pS:oductive 
* however, and many constitute an 
absolutely essential habitat for some 
portion of the life history of animal 
form's generally recognized as residents 
of other habitats (Figyre 8j.. This is 
particularly truet.oi tidal marshes as 
inenjioned below. 

l^-G— Wet-l£inds;inr^<>to-comprise-ari:'ei^^ 

large propbrdon of the esu^th's surface, 
and the total organic carbon bound in 
their mass constitutes an enormous 
, sink of energy. 

D Since our main corfcem here is with ^ 
"-thc^ " "aquatic " environment; primary ^ 
■ emphasis wjU'be directed toward a 
description of wetlands as^the transitional 
zone between th^ waters and the land, and 
how their desecration by huxnan culture o 
spreads degradation & Both directions. 



n TIDAL MARSHES AND T^^ESTUARY 



B Estuarine pollutiqn studies are usually 
devoted to the dynamics of the cir^culating 
water^ its chemical, physical, and 
biological paramete'rs, bottom deposits, etc. 

*C It is easy to overlook the intimate relation-* 
ships which exist between thelDordering* 
marshland,* the moving waters, the tidal 
flats, subtidal deposition, and seston 
whether of Ioq^, oceanic, or riverine 
.origin, - ^ 

The tidal marsh ^(some inland areas also 
have salt marshes) is generally con^idlered 
to be the/marginal areas of estuaries and 
coasts in the intertidal zone, whicn are 
dominated by emfergent ye^etation. They 
generally extend inland to the farthest 
point reached by the spring tides, where 
they 'merge into fre^water swamps and 
marshes (Figure 1). They may range in 
width'from hone.xistent on rocl^ coasts to 
many k&Qm'eters. 




- <!-*> I *^ ' ^ . ! 



"There ip no other case In nature,' save * 
• in the. corgi reefs, Where the adjustment 
of organic relations to {>^q^ical condition ^ 
is seen in such'a beautiful way as tiie 
balance between the gr'o^^g marshes 
and the tidal stresims by which th'ey are 
at once notulshed and worn aWay. " 
(Shaler, ' " . • 




. m : .MARSH ORIGINS AND STRUCTURES 

- - »A. Ii^.general^ marsh substrates ape hiii^^in*' 
* " brgfmic content, relatively low in 'minerals 
* and trace, elements. The upper lay era ^ 
■ * ST^ -bound together with living roots c^e4 " 
^ ^ \ turf, underledd by more cdmpacted peat 
type in%ter£aL / 



ipaising 6r erpdlngicoastlliies may 
\ expose pe^it from anc^lnt marsK ; 

~ growfe^to-wave- action "whichcuts 
tinto the s.pft peatBpapidly«(yigure 2) 



, Such banks are likel;^ to ^ be cliff- like, 
and are often undercut." ^unks of 
peai are often found lying about, on 
harder sbbstrate below high tide iine , 

' If face of cliff is well afeoKre high water, 
overlying vegetation is likely to be 
typically terresl^rial of the area. 
Marsh type vegetation is probafcily' 
absent, ' , ' . 



T«xTMtrial tttrf • 



9ab«trst« 




2 Low lyihg c^eltaic, ^^or sinking coast- 
lines, or those with low eneirgy wave 
action are likely to havje active marsH 
formatiqn in progress.- Sand dimes 
are also common/in such areas 
(Figui:e 3). Genenal coastal • 
configuration is a factor. 



ftf«r« 3. IXacraisunsUc s^ftloo of^erodin< pc&t cliff 
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• -/ ^ ' Figure 3 #i ' \ ' " 

-'©evelopmefitW a- MMsachuiotU Marih «lnce^l300 BC^^lnvoi^ an*; 
18 toot rile in water level. Shaded area indicates cand danfts^'; NOrte . 
,..mean«terinemareh 'tidal diainafe. A** 13003C, Bt; 1950 AD, , \ 
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a Rugged or precipitous coasts or 
slpwly rising coasts, typically 
exhibit narrow shelves, sea cliffs, 
fjords, massive beaches, and 
relatively less marsh area (Figure 4) 
An Alaskan fjord subject to recent 
catastrophic sxibsidence and rapid 
deposition of glacial flour shows 
'evidence of the recent encroachment 
O f saline waters in the presence of 



recently buried trees and other 
terrpstrial vegetation, exposure, 
of layers of salt-marsh peat adong 
the edges of channels, and a poorly 
compacted young marsh turf developing 
at the new hi^ water' level (Figure 5). 




J 



Flfur« 4 A River Mouth on a Slowty Riffing Coast Note mbtence ^ 
of deltaic development and relatively little marshland. 
althoQgh mud- flats stippled are extensive 



Shifting flats 



Tidal marsh 



o Teifrestrlal 
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Flaure 5 SomS aener»l r<aatl««Wp. in % Mrthern fjord with ^stag water level. 1, mem liw 
^er 2. >lnaxtoumhli5hitide, 3. Bedrock, 4. Glacial nour" to depthota exces. of 
' \ iOO me^ra. 5. Shifting flat* and channels. «. Channel agalnat bedrock. 7,. Burled 
"• '» terrettrlal vegetation, 8. Outcropplngs of'*alt inarah peat. ^ 



\ ^ Low lying jcoastal plaim tend to be - 

fringed by barrier islands, .broad 
.,^est&Lri€|S,and dj^ltas, syad broad 
> associa^d marshlands (Figure 3).. 



1' . 



Deep tidal chaim^ls fan o\rt through 
~ innumerable br,anching and often 
interconnecting rivulets. The 
intervening ^assy 'plains are 
^ssential^^t mean'high ti,4? l^vel. 
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Tropical and subtropical regions 
such as Florida, the Gulf Coast, 
and Central America, a^ frequented 
by numgrove swamps • Tliis unique 
type of growth is able to establish 
itself in shallow water and move out 
ixdo progressively deeper areas 
(Figure 6)/ 'The strong deeply 
embedded roots enable the mangrove 
tcf resist considerable wave actioa 
at times, and the-tangle of roots 
cjiuc^ly acQumiilates a 'deep layer of 
6i^ganic sediment. Mang<roves 
In the south may be considered to . 
be roughly the equivalent of the 
Spartina marsh grass in the north 
as a land builder. .When fuUy 
developed, a mangrove swamp is an 
impenetrable thicket of roots over 
the tidal flat affording shelter to an 
assortment of semi-aquatic organisms 
such as various molluscs and 
crustaceans, and providing access 
♦from ^he nearby land to predaceous / 
birds, reptiles, and inaiSmalst 
Mangroves are not restricted to 
estuaries, but may develop out into 
shallt^ oceanic lagoons, or upstream 
into relatively fresh waters. 




tidal marsh is the. marsh grass, but very 
little of it -is used by man as grass. 
(Table 1) ' . _ 

The nutritional analysis of several 
marsh grasses as compared to dry land 
hay is shown ^ia Table 2. 



TABLEX. C«o«naOrd«^o£ItofnftadeoCOro«»PrifflMyProc^^ 
" of Dry W«i^ of Ori^ Katttr Ftod AmuaUjr 



EcoTttm 

lADddtM^, d««p ocean* T«n« 
QrassUnda, for«»U, cutrophlc Haadr«d« 
WuM, ordlfiAry asrlcultor* 

Erttmrles, delta*, coral reefs, TboosMid* 
Intenalve agriculture (sugar 
case, rice) 



TABLE^. AffaJyeea of Some Ti6aX Marsh Grasses 



T/A 

Dry wt. 



Piro<ein 



Percenuge Compoiiiteo 
Fat fiV»f Water 



Ash 



Met Extract 



n% water) 
12.0 



Figure 6 *Diagraxnniatic transect of a mangrove swamp 
' . • ^ showing transition £rbm marinft- to terrestrial^ 
hibitat.. 

IV PRODUCTIVITY OF WETLANDS 

■ A Measiuing the productivity of grasslands 
is not easy, because today grass is seldom 
u§ed directly as such b^'ii^'n. * I1?$s thus'' 
ysually expressed as pro^c^pn o^'lneat, 
' milk, or in the case of salt maw^'fts, »t!jte 
total crdp of j^mim^ that obtsdn food per 

' , unit of area/ .The primary producer in a 
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Amlyses performed hy Roland W. Gilbert, Department 
of A Jricttltural Chemistry, U*R.l. 
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The actual utilization of marsh grass is 
accomplished primarily by its dScom- 
position ancj ingestion by micro organisms. 
(Figure 7) small qtiantity^f seeds and 
solids is consumed directly birds. 



< 1 





Fi^ore 7 The nutritive coxnposition of 
gocceMive stages of decompo|^tion of 
Sparttna marsh graas« sbowlSg increase 
in protein and decrease in carbohydrate 
with increasing ^ge and decreasing size 
of detritus partiSles, 

The quantity of micro invertebrates 
which thrive on this wealth of deca3dng 
marsh has not been estimated, nor has 
the actual pro^Bction of small indigenous 
fishes and invertebrates such as the 
top minnows < Fundulus ), or the mud 
snails (Nassa), and others. ^ 

Many forms pf oceanic life migrate 
into the estiiaries, e^ecially the' 
marsh areas, for important portions 
of their life histories as is mentioned ' 
elsewhere (Figure 8). It has been 
estimated that in exteis'of 60% of tfie 
marine commercial and sport fisheries 
are estuarine. or marsh dependent; in 
someway. 




Figulre 8 Diagram 6f the life cycle 
of white shrimp (after Anderson and 
Lunz^l965). 



An effort to make' an indirect 
estimate of productivity in .a Rhode 
Island marsh was made on a single' 
August day by recprding the numbers 
and kinds of birds that fed on a 
relatively small area (Figure 9). 
Between 700 and 1000 wild birds of 
12 species, 'i'anging from 100 least 
sandpipers to uncountable numbers 
of seagulls were counted. . * • • ^ ' 




I Greater yellow legs (left) 
and black duck 



Great bine heron , 



'ERIC 



8G/ 



Figure, 9 ^Some CommoQ Marsh Birds 
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*One»hondred black bellied plovers 
at approximately 283 g each would 
weigh on the order-of 28 kg. At 
tiie^same rate of food consumption, 
this would indicate nearly !• 8 kg. 
of food required for this species 
alone. The* much greater activity 
of the wild birds would obviously 
greatly increase their food require- 
ments, as would their relatively 
smalls size* - - . - 

Considering the range of foods cop- . 
sumed, the sizes of the birds, and the 
fact that at certain season^, thousands 
of migrating ducks and others pause 
to feed here, the enormous productivity 
of such a marsh can be better under- 
stood. 



V INLAND BOGS AND MARSHES 

A Much bf what has been said of tidal 
niarshes also -applies to inland wetlands. 
As was mentioned earlier, not all inland 
swamps are salt-fr^e, any more than all 
marshes affected by tidal rythms are 
saline. 

B The specificita'of specialized flora's to 

particular typCT bf wetlands is perhaps A" 
more spectacular in freshwater wetlands 
than in the marine, where Jxmcus, 
Sgartina, and Mangroves tend to dominate. 

1 Sph^gnumj or peat moss, xs- 

probably one of.,the most \^despead 
and abundant wetlaild plants, on earth. 
Deevey (1958) qiiotes an estimate tljat 
' there is probably oipwards of 202 
billions ^rj weight) bf n^etric tonsv^of peat/^ 
in^ the world today, derived during 
^- recent geologic time from Sphagnum 
bogs. Particularly* in the northern 
regions, peat moss tends to, overgrow^ 
ponds, and shallovt^ depressions, eventually 
* fonging the vast tundra plains and* 
moores of the north. ^ 

• 2 Long lists of other bog and marsh plants 
might be cited, each with |ts own 
special requirements, to^graphlcal,- • 



and geographic distribution, etc. 
Included would'be the familiar cattails, 
spike rushes, cotton grasses, sedges, 
trefoils, alders, and many, many 



otrifers. 



C Types of inland wetlands. 

1 As noted above (Cf : ^Figure 1) 

' tidal marshes oft^ merge into 
freshwater marshes anjd bayous. 
Deltaic tidal swamps and nfiarshes 
are often saline in the seaward 
portion, and fresh in the landward 
areas. 

2 River bottom wetlands differ from 
those formed from lakes, since wide 
flood plains sut)jec^to periodic 
inundation are the final stages of . ^ 
the erosion of r^ver valleys, whereas 
lakes in general tend to be eliminated 
by the geologic processes of natural 
eutrophicaUon often involving 
Sphagnmn j^ d peat'^orniation. 
Hiverbottom ntiarshes in the soiithem 
United J^tes, witH*!Svorable climates, 
have lupsurient. growths such as the *^ 
caneb^4ke of the lower Mississ^pi, 
or. a ^laraftteristic timber growth 
sucji as cypres6. 

/though bird ;life is the most 
s^onspicuous animal element in the 
/faima (Cf: Figure 9), many ntiammals, 
such as muflkrats, Reavers, otters, 
and others §re also marsh-oriented. 
(Figure 12) , 



5 
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VI POLLUTION V 

A No single statement can ^lunmarize the 
* effects of pollution on marshlands as 
fiistlnct from effepts noted elsewhere on 
other habitats^ 

B Reduction of Primary Productivity 

The primarjH producers in most wetlands ' 
^ are the grasses and peat mosses* 
Production may be reduced or eliminated- 
- by: ' ^ 

1 Changes'in the water level brought 
about by flooding or drainage, 



* a Marshland areas are sometimes 

diked and flooded to producfe fresh- 
water ponds. This may be for 
aestl>etic reasons, to suppress the 
^ ~ growth o^ poxi ous marsh inhabjltating 
insects such asanosquitoes^r biting^ 
midges, to ccnstruct an induWial 
waste holding pond, a thermal or a 
sewage Tstabilization pond, a 
- "convenient" result of hig^ay 
causeway construction^ or other 
reason. . The result the elim- 
♦ination of an area of marsh* A 
small compensating bdrder of 
marsh may or may not deyelop; 

tt ffigh tidal marshes were often 
t 4itched^and drained in former days 
to stajjilizp' the sod for salt hay or , 
"thatch" haryesting which w'aS-.hi^ily 
sought after in colonial days* This 
ine vitably.^chan ged the character . 
of the marsh/ but it remained as* 
essentially marshland. Coitveraion 
to outright agricultural land has * 
been less widespread because*of the 
necessity of diking to. exclude the 
periodic floods or tidal incursions, 
' and carefully timed drainage to 
* \ eliminate excess- precipitation. 

Mechanical pumping of tidal marshes 
' hjsts hot been economical in this ^ 
couxtoy, althou^ the si/ccess of 
^ * the Dutch and others in this regard 

is well known.' 



2 Marsh grasses ihay also be eliminated 
by smothering as, for example, by ^ 
deposition of dredge spoils, or the 

spill or discharge of sewage sludge. 

3 Considerable marsh area has been 
eliminated by industrial construction 
activity such as wharf and dock con- 
struction, oil well construction and 
operation, and the discharge of toxii 
brines and other chemicals. 

C6nsumer production (animal life) has 
been drastically reduced by the deliberate 
distribution of pesticides* In sonie cases, 
this has Jbeen aimed, at nearby agricultural 
lands for economic crop peSt control, in 
other cases the marshes have been sprayed 
or dusted directly/to control noxious 



insects* 



The results have-^been tmiversally 
disastrous for the marshes, and the 
benefits to tiie human commimity'often 
questionable* ' ^ 

Pesticides designed to kill nuisance 
insectSj are also toxic to othe^" . 
arthropods so that in addition to the 
target* species^ such forage staples as 
the various scuds (ampjjdpods), fiddler 
crabs, and other^macroinvertebrates 
have either ft^n drastically , reduced 
or entirelyeliminated in m!any pikces. 
-For example^ one familiar with fiddler 
crabs can traverse miles of marsh 
margins,' still riddled with their burfows, 
without seeing*a single live crab. 

. DDT anQ related' compounds have been 
"eaten up the food chain" (biological 
magnification effect) until fi^ eating 
and othep predatory birds such as |ierdns 
and egrets (Figure 9), have been virtually 
elimiriarted from vast areas, an^ the 
accumulation of DDT in man himself ' 
is. only too well kn6wn. 



\ 
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D Most serious of the marsh enexrdes is, 

man himself . In his quest for "jLeb^nsraum'* 
,near the water, he has all but killed the 
water he strive^ to approach. Thus up to 
twenty percent of the marsh— estmrine 
""area in various parts of the country has 
alreaify been utterly de'stroyed by cut and 
fill real estate developments (Figures 
10, 



E Swimming birds such as ducks, loons,. 

cormorants, peUcans, and many others 
^are severely jeopardized iy floating 

pollutants such as oil. 




•Figure 10. Dia^ainmatic representation of cut-^d-fill for 
real estate deVeloppaent, mlw* mean- low water 



( 




, Figure 11. Tracing of portion of map of a* southern'' 
city show^g exte^it of cut-^d-fill ?eal. 
. • estate development. 
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A Wetlands comprise the* marshes, swamps, 
*lpogs>, and tundra areas oT the world ,^ ^ 
^Phey are essential to the well-being of . 
our surf^ice' wat6rs-and gpomid'^aters./- 
They. are es«gnii^ to ^^uatfc life of ' 
£l typ^s living in the open waters. Ihey 
• are essential as' habitat for all forms of 
wUdUfe. , • 



B Tlie^tidal niarsh-is.the-area of-erxiergent 
yegetation bordering-Jthe ocean or an 
estuary. j 

C Marshes are hi^ly productive are^s, 
essential to the maintenance of a well . 
rounded commimity of aquatic^life. 

D W.etlands may Jje destroyed by: - 

1 Degradatign of the life forms of 
which it is composed in the name of 
nuisance control. , 

t 

2 Physical destruction by cut -and- fill 
to create m9re land area. 
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EFFECT OF WAStEWATBR TREATMENT PLANT EFFLUENT pN SMAfcrTgTREAMS 



BENTHOS ARE ORGANISMS GROWING 
ON OR ASSOCIATED PRINCffALLY/ 
WITH THE BOTTOM .OF WATERWAYS 



Beiithos is the novin. 



Bentiionic, . benthal ax^d benthic are, ' 
adjectives. 

p 

II THE benthic' CO^VIMUNITY • 

A Composed of a wide variety of life * 
.forma that are related laecause they 
occupy "common ground" --substrates 
of oceans,* lakes, stre,ams,' etc. . « 
They may be attached, burrowing, or 
move 'on the interface; 

' . 1 Bacteria, m 

A yride variety of decomposers work 
% . • on orgakic niatetiaJs, breaking thehfe 
down to elemental or simple ^com- 

pdu^ld8^* ' - " * 

% 

2 'Algae . * , , 

Photosyhthetic plants having no true 
' ' . roots • stetns/ and leaves. The basic 
producers '^of food th^it nurtures the 
• animal components of the community. 



3 Klo^ering Aquatic Plants, (Rivex^eeds, 
Pondweeds) ; ' 

The largest flora., composed of 
complex and differentiated tissues. 
May-b§ emersed, floating, or sub- ^ 
-mej^red according to habit. 

4 Microfauna . - 



5 Meiotauna 

Meiofauna occupy the interstitial 'Zone 
(like between sand grains) in benthic 
- and hyporheic habitais. They are inter- 
- -me d iate»-in-ejrg5e-b'etween-"feeniuci'ulauiiu 



Includes' many aniinals that-pass,^ 
through a y . S. ^ Standard Serie s No> 
sifeve^^but are r^aineci'on^a No. 100 



30 



(ppotozoa^and rotifers) and the macro- 
fauna (insects, etc, )• They .pass a ^q". 30 
sieve (0. 5 mm approximately). In fresh- 
water they include nematodes, copepods, 
tardigrades, naiad worms, and some flat 
worms. They 4re usually ignored in tresh- 
water studies, .s^xce they pass the^standard ' ^ 
sieve and/ or sampling devices. 

Macrofauna (macrginvertebrates) 

Animals that are retaine4^on a No. 30 mesh 
sieve (0.5 mm approxijnately). This group— ^ — 
includes the msects, vlobms, molluscs, and 
occasionally fish. Fish are not norhiaiiy 
considere^^as benthos, though there are bottom 
dwellers s\xthTCB"SCtilpiner -settles , 
darters, and madtom?. 

B The benthos is a self-contained community, 
though there is interchange w^th other 

' communities. For example: Plankton . * " 
settles to/it, fish prey on it and lay their ^ 
eggB there, terrestrial detritt^s and leaves ^ 
are added to it, acnd many aquatic insects \ 
migrate from it to the terrestrial environ- 
ment for their mating* cycles. 

C It is an in-siti^ water quality monitor. The 
low mobility of the biotic components requires - 
that'they "live with" the quality* changes of the 
over-passing waters. ^ Changes imposed m the 
long*-lived components remain visible for 
extencjed periods, even after the cause has 
been* eliminated. Only time wHl allow a cure 
for the community by drift, ,reproductiori, and re- 
cruitoienlt from the hyporheic zone. 



iaievi^. Examples are rotifers' and mipro- 
crustaceans. Some-foVms have organs 
for attachment to substrates, while 
others burrow into soft materials or 
occupy the interstices between rocks, 
floral, or faunal -materials. 



41. MET. fm. Si. 2. 81 



""b J;sefween. the benthic zone (substrate/water , 
.interface) and the underground water table 
is the hyporheic zone^" There is considerable 
interchange froih one zone to anc/ther. 

Im- msTpRY 6f benthic' observations, 

'A Ancient literanire records the. vermin as^toci- 

ate4 with foule^dj^aters. 7' * ' 

• * 
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B 500 -y*ar- old fishing literature refers 
to animal forms that'are fish food and 
used as bait, ^ " , \ 

C The scientific literature associating 
biota to water pollution prot)lems is , 
over 100 years old (Mackenthxm and / 
Ingram. 196^ ). — ^ , 



" 3 Consumers - 4 . . 

^ * 

a Detritivores and bacterial feeders 
b Herbivore a> . - . " * 

c Predators. • ^ . * 

C Economy of Suzrvey ' 



D Eayiyvtn i fl century; aiylled blulQgjlcal ^ 

' investigations were initiated. 

1 ' The entrance of state boards of ^health • 
into^water pollution control activities. 

— — S^-Greation of state conservation aggncies. 



. 3 Industrialization ajj^i urbanization* 

4 prowth of- liifmological programs 
at universities, ^ „ 

; . • . 

EJ a decided Increase in berithic* studies 
occurred in' the 1950 *s and much of ^ 
today's activities are strongj^ inflfienced- 

by.ideS)lrelDpmentaljKca±^CQa<fe^^ duriag^. 



this period. ^Sqx^pf the reason^ for this 



•"''academic bioiogy*^ to applied ^ 
/poUutiori pi^ograms. . ' , \ 

2 JEirtrance of the federal government 
« into enforcement aspects of water 

. pollution control'. ' »' ; / 

3 A risiixg economy the development 

. of fetieral graait ^^ems. * - ' . 

X\^^S^^txim^x^^\ Protection Programs 



are a: curijent stimuliiS/. 
j*HE BEN' 



BENTHOS? 



A it.is/4 natural monitor 

,B • The community contains all of the 
' compomnts of an ecosystem. 

. X yReducers 
a "bacteria, 
b fungi 
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'2 Producers (plants) 



D 

E 




J. Manpower • • » • * 

2 Tifne • . , s , . 

3 Eqiilpment ^ - — ^ 

Extensive Supporting Literature 

, ^ . ^ 
Advantages of^the Macrobenthos^ 

'1, Relatively sessile ^ 

2 IJLfe history length . , 

. ^ 1 J. . 

3 Fish- food organisms V./ , ^- 

. , ..'^ ^ ■ r 

'4. Reliability of Samplii\g- * ' » . 

^. Dollar&/ information 

6. P^edictatiility .-^ /. • 

* ^Univex^saUty / * ^ V , * . 

^^^fcgtfhjrpteresis value r ^ . ' . /: 

. !'Por subtle chemical chistnges, 
unequivocal .data, .and observations . ' ' ; 
.•suited tb .som^ Sta^tical ey^uation will . 
b^ needed. . This retirement favors the 
macrqfauna as a parameter/ ]VIa:cro- ^ 
invertebrates are ^easier to sample * • 
reproductively than otl^er prganisms; 
numerical estfmatea 'are |>)ssible and \ . . 
taxonQir^ needed for synoptic.investi-» 
gatlons is j|^hir\ the . reach of a non- - 
"fifpecialist^^^Vuhrmannr 

^*It iW self-evident thaf(for.a multitude of 
rion-identifiable though*biolOgicaily active* 
chariges of cheniical conditions |n rivers, 
' small* organisms withliigh f^siologi^al . 
differentiation are iQost responsive. 
T'hus Jhe small macroiavertebrates . 
(e;.*g.^ insects) are doubtlessly the most • 
sensitive organisms fpr .demonstrating 
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unspecifieti'chang'es of water ' - V 
cheihistry ^called ^pollution' .* 
Pt^gress in- knowledge on ijseful ^ 
autecological properties of 0 ^ 
organisms or of, transfer of sxx'ch 
kQpwledge into bioassay practice 
has been very snQiall in ihe past J/. * , ■ 
•Kius, ''the bioassay (Concept ; 
(relg^tion of organisms in» a 
^jtream tawater qu^ty) 'in . 
water chemlsfry has brougKt ^ot ^ \ ' 
much mor.e thah visual demon- c • ' < 

stration of a few overall chemifcsti • 
effects. Our. capability -to derive / 
chemical conditions from biological 
obi^ervatrons is, therefore, almost 
*. on tile san^ level as fifty years agq. 
. In the author*^ opinion it is idle to 
expectmu^ch more in the^future becaxise - 
of the limitations inherit \o nalAjral bio- 
V^assiy systems (relation of organisms 
. in^a stream to water quality)- '* (Wuhrmann) 

r REACTION^ OF THE'BENTHIC. MACRO- 
. IN VERTE BRA!fS COMMUNIT TO 
PERTURBATIDN 

1 Destruction of .Organism Types 

. ' 1 Beginning "with the most sensitive 
fot'ms, pollutants kill jn or.der o'f ; 
, ^ sensitivity unto, the most tolerant form 
is the IsCst survivor. This results. in-a 
. ruction of variety or djversily of 
prganisms^. 

' 2 The- generalized order of macro- ^ 
invertebrate disappearance on a 
0 sensitivity scale below pollution 
sdurces is shown ia Figure 2. - 



As water quality improves, these 
, ^ reaCppear in the same, order, ^ ' . 

B The Nuniber of Survivors Increase 

1 Competition? and predation are redufeed 
• . between different spepies. 

1 ^ I ■ 

' 2 When the pollutant is a Jood (plants, 

fertilizers, animals, ^orgeinic materials). 

C The Number of Survivors Decrease 

* 

; 1 The material add^d is toxic na/s no 

food value, ' . 



D 



E 



Water, ^ 
Quality \ • 
^ Deteriorating 



Stoneflies 
MayflilBs 
Caddisflies 
Amphipods 

Isopods 
' Midge sr 

Oli^ochaetes 



ater, 
[Quality 



[mproving 



2 The material added produces toxic* 
, conditions as a" byproduct .of decom - 
-f- position~(B7"gv7 la'rge^organic, loadings 
produce an anaerobic environment 
resulting in'the^prodfiction of toxic 
sulfides^ methanes', etc. ) ^ . 

The Effectp M^y be Manifest In "Com- ^ 
bihations ° ! * 

*1 Of pollutants and their effects. 

2- Vary with longitudinal distribution 
in a stream, (Figure 1) 

Tolerance to Enrichment Grouping 
(Figure 2) highly generalized 

Flexibility n>ust be maintained in th^ , 
establishment of tolerance lists based 
on the respons€[ of organisms to the 
environment because of (complex relation- 
.stiips aniong varying environmental, , 
conditions* Some general tolerance 
i)atterns can be established: Stonefly 
and mgyfly rfymphs, hellgraminites,*^ - , 
andpaddisfly laiarae i^epcesent a" grouping 

• ^sensitive or*intolerari^^jdiat is'generally * . 
♦ ^mte sensitive to enyiir'onmenlai • \ 

^•chan^es. Blackfly larvae,' scuds, sbw- 

^ t)ugs, sn^ilsJS&fllngernaiLclajais,; dragon- 
fly and dami^lfiy nai^s/^'aiid-jaiost 
kinds of midge laYvae are facultative 
(or intiermediate) in tole^ancB^'^ 

. Sludge worms, ^ome kinds of midge <j|. - 
larvae (blood^orms),^ aii^ sonle Lee^eS 
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TIME Of^OISTANCE 



^NUMBBR/OF *K{NOS 



.nU^^b^r, qf "organisms 

.SLUDGE jSePOSITS ' 

Fomixxsic reapoMe^ of bottom animalb to pbllution. 
A. Oxtjanic wast^ eliminate- the* sensitive bottom cmimala 
provide food in the fonn of altidges for the surviving toler; 
ant forms, B. Uqrae'tquantities of decomposing orgitoic wastes 
eliminate sensitive 'bottom cmimals and the excesdva qCiantir 
ties of byproducts of organic decomposition inhibit the tolerant 
fomjs; in time, with natural stream purification, water quality 
bnisroves aq thprt the tolerant forms can flourish, utilizing the 
sludges as food: C. Toxic materials eliminate the senmtiTe 
bottom aipmals; sludge absent and food is restricted to thm 
naturally occurring in the stream.,whidh liih^ th^ number of 
tolerant surviving forms. Very toxic raoterials may eliminate 
bll organisms below a waste soured. D. Organic sludges with 
toxic materials reduce the number of lands by eliminating 
sensitive ^^nns. Tolerant ' survivors do not utilize the organic 
ahidges becoobe the toxicity rMtricts Iheir growth. ' 



Figure 1 



are tolerant to comparatfvely Heavy loads 
of organise pollutants. Sewage mosquitoes 
and rat-tailed maggots are tolerant* of 
anaerobic environments for thev are . 
essentially air-breathers. 

Structural Limitations 

1 The morphological structure of a" 
species limits the type of environment 
it may occupy. 

a* Species with complex appendages, 
and exposed complicated respiratorV 

structures, such as stonefly . 

nymphs, mayfly nymphs, ana 
caddisfly larvae, that are subjected 

^ to a-coiTstant-xieluge of se t t eafale-. 

particulate matter soon abandon 
♦the poUuted^area because of the 
constant pi:eening^ required ^o mam- 

* tain mobility or respiratory func- 
tions; otherwise, they are soon 
smothered.' 



XBenthlc animals in depositing zones 
"may also, be burdened by ''sewage " 
fungus*' "growths including stalked 
protozoans. Marty of these stalked 
protozoans are host specific. 

Spe'cies^ithout complicated ^external 
structures, such as bloodJTorms .and . 
sludgeworms, are not so Hmited in 
adaptability. ' r 

a A ^sludgeworm, for e:;fimple,*can 
burrow in' a deluge of particulate * 
organic matter ^and flourish on the 
a^undanee of '*manna. * ' 

b Morphology als6- determines the 
species that afe found in riffles, on* 

• •veg^taition, on the bottom, of pools, 
or in bottom deposits. • a 
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VI SAMPUNG PROCEDURES 



Fauna 

J 

1 Qualitative sampling determines the 
variety of species occupying an ar^a. 

♦ Saipples njay be taken by any method 
that will capture representatives of the 
speci^^resent. Collections from 
such samplings indicate changes in the 
environment, but generaUy do not 
'accurately reflect the degree of change. 
Mayflies, for example, may be re- 
duced from 100 to 1 per square meter. 
Qualitative data would indicate the . \< 
pre^nce of both species, but might not 
necessarily delineate the .change in "pre- 
dominance .from mayflies to sludge-* 
wor m s. Th^ stop net^r kick sampling, 
technique is often used, j 

2 Quantitative sampling is perfbrmed to 
observe changes in predominance. 

The most common quantitative sampling ^ 
tools are the Petersen. Ekman, ,and Ponar 
grabs and the Surber stream bottom 
b?impler, pf these, the P^etegrsen ' 
grab samples the widest wriety of • 
substrates, 'The'' Ekman grab is 
-limited to fine-textured" and, sdft 
substrates/ such as silt^and sludge, . . 
imless hydraulically ©pirated. 



The Surber sampler is designed for 
sampling riffle areas; it requires 
moving water io transport dislodged 
organisms into its net ancj is limited 
to depth3 of two-thirds a meter pr less. 

Kick samples of one mirlute* duration will 
usually yield around 1, 000 macroinvert- 
ebrates per square ifieter (10. 5 X a one 
minute kick= organisms/ 



Manipulated substrates (often referre<^,to 

♦ as "artificial substrates'*) aire 

placed in a stream and left for a spe^ ifT 
time period. Benthic macroinverteb rates 
readily colonize these formiilg a manipu- 
lated CO mniuni^T" Substrates niay be r6n- 
structed of ^natural materials or synthetic, 
may be placed, in a natural situation or 
unnatural; and may or mSiy hot resemble * 
the normal stream, community • ^The 
point being that a great number of envi- 
*ronmental variables are standardized and 

• ttfus upstream and downstream stations 
tmay be legitimately compared m terms of 
water quality pf the mSving wat^r column^ 
They naturally do^iot evaluate what may « 

' or jptbe* happenings to the substrate ^ 
beneatti^salH monitor. The latter could 
easily be thef more importsuit. 



,0 



REPRESENTATIVE B0TTC«*==-DWB£LING MA e^p^ . ' 

Drawings from .Q^ckler. J.„, I^.M. Mfclwritribi and W..M.'' Ingram. 1963.- 

■ Ws^sSwaier qpntrol/ DHEW/P^ Cinc3inati. oWri*ub.ND. 999-Wi^2^ 



, ^on^y^ypyh .^lecc^terar),^ y ^ 
*B'- IVIay^y ttyn^ph* . i^|^hemerpptera>^ 
C Heli0:ammite 6r^ ^J^^ 
\ Dobbonfly lai^va'^CMegaldjitexiaf 
Caddisfly larvae' (TricliftpteraJ 
Black fly larVae ^imuliidae) 
*Scud 

Aquatic sowbug 
Snails ' ' 



E 
F 
G 



I Mngernail clani ^ ^ha^riida,^ 
J Damselfly naiad* • (Zygoptera) 
K Dragor\fly naiad . (Anisoptera)^' 
L Bloodworm of midge ^ * ^ " 

f IV^laf^yae • * t Chironom^da^ j 

M *L€fech * (ISrudlnea^ , ^ 



(Amphipoda) 
(IgopodaV I 
(Garfti:opoda) 



N §ludgew©rm ' (fbB^^fici'daqL 
:o. Sewage fly l^ivae ^(Pfeychpdida'^) 



Rat -tailed 



rot^ '(T]|^if<ira^ris^lis^ ^ ^ 



KE}Y FIGURE 2 
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Invertebrates- which are. part of the 
benthos, but under certain conditions ' , 
become carried downstream in 
appreciable numbers, are known as 
Drift. • ... 

Groups^which have members forming 
a conspicuous part of the drift 
include the insect orders Ephemeroptera, 
Trichoptera, Plecoptergi and the 
chistacean order Amphipoda. \ 

Drift net studies are widelj^ used and 
have a proven validity i«i stream 
water quality studies. « 

I ■» 

The collected sample is screened with 
a standard sieve to concentrate the 
organisms; these are separated from 
substrate' and debris, and the number 

* of eac^h kin*d of organism •determined,^ 
Data are *theh' adjusted to jiumber per 
unit area, usually to number of bottom - 
orgaids^S'^fer ^squsure meter. 

• * 

Independently, neither qualitative not 
quantitative ^dat a suffice* for thorough 
analyses of environmental conditibns. 

• A cursory examination to detect damage 
may ;be inade with* either Method, but 
a- combination of the two gives a mdore- 
precise determination .> If a choice must 
be made, quantitative Sampling would 
be best* because it incorporates a - 
partiatl qualitative Sample. 

Studie> have shown that a significant ' 
number and yari^y of ihacroinvpfte- 
br%tes inhabit the hyporheic zone in streams 
As ihuch,as 80fo of th^ macro inverte- t . 
^brates may be- below 5 cm in this • 
hyporheic zone. Most sanlples^suid 
sampling techniques do not . penetrate - 
the substrate below the 5 cm depth. 
All quantSative studies mist tajce this , 
and other-substrate factors into account* 
wljeri absolute figure^ are presented on . . 
standing clrop and numbers per square 
meter/ etc. ' , 



B' Flora 



Direct quantitat^e samplmg of natu- 
rally growing bbttom algae is difficult, 
rt is basically one of collectmg aigae 
from a standard or uniform .area of the 
bottom sl^bstrates without disturbing 
the delicate growths and thereby dis- 
tort the sample. Indirect quantitative 
sampling is the best ayailable method. 

Manipulated substrates, such as ^^ood 
blocks, glass or plexiglass slides, 
bricks, etc., are placed m a fetrearn. 
Bottom- attached algae will grow ^' 
these artificial substrates. After two 
or more weeks, the arftflcial sub- 
strates are removed for analvsis. 
Algal growths are scraped from the 
substrates and the quantity measui ed. 
Since the exposed substrate ar'ea anu 
exposure periods are equal at alj ot 
thjB sampling sites, differences ui the 
q^iantity of algae can be related to 
chapges in the quality of water flowing 
over the substrates. , 



VII ANALYSES OF MICROFLORA 
A Enumeration 

1 The quantity of algae on manipulated 
substrates can be measured in several 
ways. Microscopic counts of algal 
xell^and dry weight of a algal mater- 
i'al are long established methods. 

2 Microscopic counts involve thorough 
S9raping, mixing and suspension of 
the algal .cells. From this mixture 
an"^ aliquot of cells is withdrawn for 
enumeration und^ a microscope. 
Dry weight is determined by drying 
and weighing the algal s^onple. then 
igniting the sample to burn 5ff the 
algal materials, leaving inert morganfc 
materials that are again weighed. 

The difference between initial dry weight 
and weight after ignition is attributed to 
algae. 

3 Any organic sedin^ents, hpwever, 
that settle on. the substrate along 
with the algae are processed also. 
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Thus, if organic wastes are present 
appreciable errors ms^y enter into 
this method. 

Chlorophyll Analysis ' 

1 During the past decade, chlorophyll 
analysis has become a popular method 
for estimating algal growth. Chloro- 
phyll is extracted from the algae and 
is used as an injdex of the quantity of 
algae present. The advantages of 
chlorophyll analysis are rapidity, 
simplicity, and- vivid pictorial results. 

2 The algae are scrubbed from the 
placed substrate samples, ground, o 
then each sample is steeped in equal 

n volumes, 90% aqueous acetone, which 
extracts the;chlorophyll from the algal 
cells'. The chlorophyll extracts may 
be compared visually. 

3 Because the cholorophyll extracts fade 
with time, colorimetry should be used 
for pernrianent records. For routine 
records, simple colorimetera will 
suffice*. At very high cholorophyll 

' densities, interference with colori- 
metry occurs, 'which must be corrected 
through serial dilution of the sample 
or with a nomograph. \ 

-Autotrophic Index 

'The chlorophyll conteolof the^periphyton 
, is used to estimate the algal biomass and 
as an indicator of the nutrient content 
(or trophic*8tatus) or toxicity of the water 
and the taxonomic composition of the 
commtinity. Periphyton growing in sur- 
face water relatively free of organic ^ 
pollution consists largely of algae, 
which contain approximately 1 to 2 percent 
chlorophyll a by dry weight. If dissolved 
or {^articulate organic matter is present 
in high concentrations, large populations 

, 6f filamentous bacteria, stalked protozoa, 
and other nonchlorophyll bearing micro- 
organisms develop and the percentage 
of chlorophyll is then reduced. If the 

^iomass-chlorophyll a relationship 
is expressed as a ratio (the autotro- 

'phic index), valyes greater than 100 
may result from organic pollution 
(W^ber and McFarland, 1969; Weber, 
1973). 



Autotrophic Index 



Ash-free Wgt {xnglm ^ ) ) 
Chlorophyll a (mg/m^K^i 



f 

Vin MACKOINVERTEBRATE ANALYSES 

A Taxojiomic 

The taxonomic level to which animals are 
Identified depends on the needs,' experience, 
and available resources. However, the 
taxonomic level to which identifications are 
carried in each major group should be 
constant throughout a given study. 

B Biomass 

Mac roin vertebrate biomass (weight of, 
organisms per unit area) is a useful 
quantitative estimation of standing crop. 

^ C Reporting Units 

Data from quantita^tive samples may be used 
to obtain: ^ x 

1 .Total standing crop of individuals, or 
biomass, or both per unit area or unit 
volume or sample unit, suid 

2 Numbers of biomass, or both, of individual 
taxa per unit area or unit volume or sample 
unit. 

3 Data from devices sampling a unit area 
of'bottom will be reported in grams dry 
weight or ashgfree 'dry weight per square 
meter (gm/m ), or numbers of indi- 
viduals per square meter, or both. 

4 Data from multiplate samplers will be 
reported in terms of ^the total surface 
area of the plates in grams dry weight 
or ash-free dry weight or numbers of 
individuals per square meter, or both. 

5 Data from rock-filled basket samplers 
will be reported as grams dry weight 
or numbers of individuals per sampler, 
0^ both. 
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IX FACTORS INVOLVED IN DATA INTER- 
PRETATION • 

Two very important^actors in data'evalxid- 
tibn are .a thorough knowledge of conditions 
under which the data were collected and a 
ci^tical assessment of the reliability of the 
daja'a representation pf the situation* 

A Maximum- Minimum Values 

The evaluation of physical and chemica^ 
data to determine their effects on aquatxc 
organisms is primarily -dependent 0131 
maximum and minimum observed values. 
•The mean is useful only when the data are 
relatively uniform. The minimimi or 
maiximum values usually create acute 
conditions in the environment. 

B Identification . ^ 

Precise identification of organisms to 
* species requires a specialist for each 
taxonomic group. Many immature 
aquatic forms have not been associated 
with the adult species. Therefore, one 
who is certain of the genus but not the 
species should utilize 'the generic name« 
not a potentially incorrect species name. 
The method of interpretinjg biological 
. data on the basis of numbers of kinds 
and numbers of Organisms usefiil# 



• C Lake and Stream Influence 

Physical characteristics of a body of 
wjjiter also affect animal populations » 
- Lakes or impoimded bodies of water 
support different faunal associations 
than rivers. The number of kinds 
present in a lake may be less than that 
found in a stream because of a more 
uniform habitat. A lake is all pool, 
. but a river is composed of both pools., 
and riffles / The nonflowing water ,of 
^ lake e^iJiibits a more complete; set- ^ 
^ tHng of particulate organic^tter that 
naturally supports a higher population 
;c>£- detritus consmnerSL. For these • 



reasons, the bottom fauna of a lake or 
impoundment, or stream pool cannot be 
directly compared with- that of a flowmg 
stream riffle. 

D Extrapolation 

How can bottom-dwelling macrofauna data 
be extrapolated, to other environmental 
components? It must be borne ui rr>ind 
that a component of the total environment 
•is being sampled. If »th,e sampled i om- 
pbnent exhibits changes, then so ust the 
other interdependent components jl the ^ 
environment. For example, a clean stream 
with a wide variety of .desirable bottom 
organism^ would be expected to have a ^ 
wide variety of desirable bottom fishes, 
when pollution reduces the number of bottc^m 
' organisms, a comparabfe reduction would 
be e:>Cpected in the number of fishes. More- 
o,yer, it would be logical to conclude thai 
^thy factor that eliminates all bottom o^gan- 
, ^ isms would eliminate m6st other aquatic - 
fprms^of life. A clean stream, with a wide 
variety of desirsfble bottom^prganisms 
would be expected to permit a variety of 
recreational, municipal and ir\dustri^l uses. 

E Expression of Data 

1 Standing crop and taxonomic composition 

^ • Standing crop and numbers of taxa (types 
or kinds) in a community are highly 
sensitive to environmental perturbations 
resulting from the introduction of coritjam- 
inants. These parameters, particularly 
standing crop, may vary consicierably in 
unpolluted habitats, where t hey may range 
frpm^the typically high standing crop;Of 
littoral zones of glacial lakes to the 
sparse fauna of torrential soft-*water 
streams. Thus, it is important that 
comparisons are made only between truly 
comparable environments. 
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2 Diversity 

Diversity indices are an additional tool 
for measurinfr»the*quality*of the enviiron- 
ment and the effect oi perturBation on 

*the structure of a community of macro- 
invertebrates. Their use is based on n, 

.the genersiUy observed phenomenon that 
relatively imdisturbed'environn^ents 
support) commvinities having large 
nurnbers of species with no individual 
species present in overwnelming 
alnmdance. If the species in such a 
community ar^ raided on the basis of 
their numerical. abundance, there will 
be relatively few species with large ^ 
numbers of individuals and large 
numbers of species represented by only 
' a few individuals. Perturbation tends 
to reduce diversity* by making the 
environment unsuitable for some species 
or by giving other specie^" a competitive . 
advaut9ige. 

3 Indicator -organism scheme ("rat-tailed 
maggot studies*^) 

a For this technique, the individual 
taxa are classified on the basis of 
their tolerance or intolerance to 
various levels of putrescible wa^es. 
Taxa are classified according to 
^ their presence or absence of 

different environments as deter- 
mined by field studies. Some 
i reduce data based on tiie presence 
or absence of indicator organisms 
to a simple numerical form for ease 
in presentation. - 

^ /I 

b Biologists are engaging in fruit- 
less exercise if they intend to make 
any decisions about indicator 
organisms by operating at the ^ 
generic level of mac roin vertebrate 
identifications. (Resh and Unzicker) 

4 Reference station methods 

Comparative or control station methods 
compare the qualitative characteristics - 
of the fauna in clean water habitats with 
. those of fauna in habitats subject to stress. 
Stations are compared on the^asis of 
richness of species. 



If adequat^backgrouud data are avail- 
able to an experien9ed investigator, 
these techniques can prove quite useful— 
particularly for the purpose of ^ demon- ' 
strating the effects of gross to nioderate 
organic contamiilation op^ the macro- 
invertebrate community. To detect 
more subtle changes in the macroinver- 

• tebrate commfunity, collect quantitative 
data on number^ or biomass of organism 
Data on the presence of tolerant and 
intolerant taxa and richness of species 
may be effectively summarized for evalu 
ation and presentation by me^s of line 
graphs, bar graphs, pie diagrams.' 
histograms, or pictoral diagrams. 

X IMPORTANT ASSOCIATED ANALYSES 
' A ^ The Chemical Environment ^ 

' 1 Dissolved oxygen 

2 Nutrients 

3 Toxic materials , , 

4 Acidity and alkalinity 

5 Etc. ' , 

B The Physical Environment 

1 Suspended solid^ 

2 Temperature 

> 

3 Light penetration 

4 Sediment composition 

5 Etc. ^ ' * 

XI AREAS IN WHICH BENTHIC STUDIES 
CAN BEST BE APPLIED ^ ^ ^ 

*A Damage Assessment or Strearjn' Health 

If a stream is suffering frpm'abus? the - 

* biota wiil So indicate. A biologist can 
deterniine damages by Ibokirig at th^ - 

, *^crrtter'- assemblage in a rtiatter of 
' minutes. Uf^ually, if damages are not 

found, it will not* be necessary id alert " 
, the remainder of the agenpy's staff. 
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«pack all the equipment, pay travel afi d p e r — 
diem, and then wait five days before 
enough data can be assembled to begin 
evaluation • 

B By determining what damages have been 
done, the potential cause "list" can be 
reduced to a few^items for emphasis and 
the entire "wonderful worlds" of science 
and engineering need not be practiced with 
the result that much data are discarded 
later because they were not applicable to 
the prpblem being investigated, 

C Good benthic data associated with chemi- 
cal^** physical, and engineering data can 
be used to predict the direction of future 
changes and to estimate'^he amount of 
pollutants that need to Ije removed from 
the waterways to make ^em productive 
and useful once more. ; 

t) The benthic macroinvesrteb'rates are an 
easily used index to stk-eam health that 
citizens liiay use in stream improve- 
ment programs. "Ado^t-a- stream" 
effcTrts have successfully used simple 
mac roinverteb rate indices. 

E The potential fof restoring biological 
integrity in our Qowing streams using 
macroinvertebrates has barely been 
touched. " 
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METHODOLOGY FOR CHEMICAL ANALYSIS OF WATER AND WASTEWATER 



I INTRODUCTION 

This outline^deals with chemical methods whiS?h 
are commonly performed in water quality 
laboratories. Although a large number of 
constituents or properties may be of interest 
to the analyst, many of the methods employed 
to measure them are based on the same 
analytical principles. The purpose of this 
outline is to acquaint you with ^e principles 
involved in commonly-used chemical methods 
to determine water quality. 



II PRE-TR^ATMENTS 

For some parameters, a preliminary treatment 
is required before the analysis begins. These 
treatments serve various purpo'se? 



A Distillation - To isolate the constituent by 
heating a p>ortion of the sample mixture to 
separate the more volatile part(s), and then 
cooling an4 condensing^ the resulting vapor(s) 
to recover the volatilized portion. 

B Extraction - To isolate/ concentrate, the 
constituent by shaking a portion of the ^ 
sample mixture with an immiscible solvent 
in which the constituent is much more \ 
soluble. 

C Filtration - To separate undissolved matter 

/ from a sample mixture by passing a-portibif 

of it through a filter of specified size^- 

Particles that are dissolved in the original 

mixture are so sniall that they Qtay in the / ^ 

sample solution and pass through the filte^. 

• 

D Digestion - To change constituents to a form 

amenable to the specified test fey heating a 
; portion of the sample mixture with chemicals. 



ni METERS / y 

For some parameter 8/ meters have been 
designed to measure that specific constituent 
,^oi* property. • - 



A pH Meters * • ^ 

pH (hydrogen ion concentration) is meas- 
ured as a difference in potential a9ross a 
glass membrane which is in contagt with 
the Sample and with a reference solution. 
The sensor apparatus might be combined 
into one probe or else it is divided into an 
indicating electrode (iot the saiyiple) and a 
reference electrode (for the reference 
solution). Before using, the meter must 
^ be calibrated with a solution of known p^ 
(a buffer) and then checked for proper 
qpers^tion with a buffer of a different pH 
value. 

B Dissolved Oxygen Meters 

Dissolved oxygen meters measure the 
production of a current'which is proportional 
to the amotint of oxygen gas reduced at a 
cathode in the apparatus. The oxygen gas 
enters the electrode through a membrane, 
^and an electrolyte solution or gel acts as a 
transfer and reaction media. Prior to use 
' the meter must be^ calibrated against a known 
oxygen gas concentration. 



G Conductivity .Meters 



Specific conductance is measured with a 
meter containing a Wheatstone TDridge which 
measures the r^esistaiice of the samplfe 
solution td the transmission of an electric 
current. The meter and cell are calibrated 
According to the conductance of a standard ^ 
solution of potassium chloride measured . 
at 25**C by a '^standard'* cell with electrodes 
' one cm Square spaced one cm apart. This 
is why resvtlts are called "specific" con- 
ductance. 

D Turbidimeters 

A turbidimeter compares the intensity of 
light scattered by particles in the sample 
* under defined conditions with the intensity 
oMight scattered by a standard reference 
suspension.^ * * 
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IV SPECIFIC ION ELECTRODES 

Just as the conventional gla,ss electrode ^ 
, forpH develops an electrical potential in 
respopse to the activity of hydrogen aon 
in solution, the specific ion electrode 
develops an electrical potential in response - , 
to the activi'ty of the ion for which the electrode^ 
is specific. The potential and activity are 
related according to the Nernst' equation. 
SiAiple analytical technique^ 'can be applied 
to convert activity to an expression of con- 
centration. 

These electrodes are used with a pH met^r 
with an expanded mV scale or with a specific^ 
ion meter.^. Two examples are the ammonia 
and fluoride electrodes. 



A Ammonia 

The ammonia electrode uses a hydrophobic 
gas -permeable membrane to separate the 
sample solution from an ammoniuni chloride 
internal solution., Ammonia in the sample 
diffuses through the membrane and alters 
the pH of the inte^na^rsel^tion, which is 
sensed by a pH electrode. The constant 
level of chloride in the internal solution is 
sensed by a chloride selective ion electrode^ 
which acts as the reference electrode. ' 

B Fluoride r 

The fluoride electrode consists of a lanthanum 
fluftride crystal, across which a potential is 
devetbped by fluoride ions. The cell may be 
repr^ented by Ag/Ag CU Cl (0.^),F (0.001) 
* LaF/test solution/SCB/. It is used in con- 
' junction with a standard single junction • 
reference electrode. 



.V GENERAL ANALYTIC ALXmETHODS 

Ar^trhimetric^Analysis 

Titrations involve using a buret to measure 
the volume of a standard solution of a sub- 
stance required to completely react with 
thp x:onstituent of intf^est in a. measured 
voliime of sample. One can then calculate 
.the original concentration of the .constituent 
of intjprest, ' . " • 

There are various ways to detect the end 
O oint when the reaction Is complete. 
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1 Color change indicators 

The method may utUiz^ an indicator which 
changes color when the reaction is 
complete. For example, in the Chemical 
Oxygen Demand Test the indicator, 
ferroin, gives a blue-green color to the 
mixture until the oxidation-reduction 
reaction is*complete. Then the mixture 
- is reddish-brown. 

, s. * 

f 

Several of these color-change titrations 
make use of the iodometric process 
whereby the constituent of interest quan- 
titatively releases free iodine. Starch 
is added to give a blue color until enough 
reducing ^ent (sodium thiosulfate or . , 
pKenylarsine oxide) is added to react 
with all the iodine. At this end point, 
the mixture becomes colorless. 

2 Electrical {property indicators ^ 

4 

. Another! way to detect end points is "a 
change in an electrical property of the ^ 
solution when the reaction is complete.' 
In the chlorine titration a cell contaming 
• potassium chloride will produce a, small ' 
direct current as long as free chlorine 
is present. As a reducing agent (phen- 
ylarsine oxide) is addeS to reduce 
. the chlorine, "the micvoammeter which 
measures the existing direct current 
registers a lower reading on a scale. 
By observing the scale, the end point of 
total reduction of chlorine can be 
determined because the direct current 

^ceases. , , * 

3 Specified end points 

For acidity and alkalinity titrations, the 
- end points are specified pH values for 
the final mixture. The*pH values are 
those existing when cpmmdn acidity or 
alkalinity components have been neutral- 
ized. Thu^ acidity is determined by * 
tit^attng the sample vi^ith* a standard 
alkali to pH 8. 2 w'iien carbonic acid 
would be neutralised to (HCOj^)". Alka- 
linity (except for highly -acidic samples) . 
. is determined by titrating the sample 
with a standard acid to pH 4. 5' wjieh the 
carbonate j)resent has been converted' 
to carbonic acid. pH meters are used to 
detect the specified end points. *' 
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B Gravimetric Procedures 

Gravimetric r^ethods involve direct 
weighing of the constituent in a container. 
An empty container is weighed^ the 
constituent is separated from the sample 
mixture and isolated in the container, then 
the container with th^ constituent is weighed. 
The difference in the weights of^ the container 
before and after containing the constituent 
represents the weight of the constituent. 

The type of container depends on the method 
used to sepsirate the constituent from the 
sample mixture. In the solids determinations, ^ 
the container is an evaporating dish (total or » 
dissolved) or a glass fiber filter disc in a 
crucible (suspended). *For oil and grease, 
the' container .is a flaSk containing a residue 
. af^er evaporation of a solvent. 

C Combustion 

Combustion means to add oxygen. In. the ■ 
Total Organic Carbon.Analysis, combustion 
is used within an instrument to convert 
^ ^ carbonaceous material to carbon dioxide. 
An infrared analyzer measures the carboh 
dioxide. 



.VI PHOTOMETRIC METHODS 

These methods involve the measurement of light 
that is absorbed or transmitted quantitatively 
either by the constituent of interest or else by 
a substance containing the constituent of interest 
which has resulted from some treatment of 
the sample. The quantitative aspect of these 
plK)tometric methods is based on applying the 
Lfifinbert-Beer Law which established that the 
amount of light absorbed is quantitatively 
related to the concentration of the^absorbing 
medium at a given wavelepgth and a given 
thickness of the medium through which the 
light passes. . 

Ea^h method requires preparing a set of 
standard solutions containing known amounts 
of Ihe constituent of interest. Photometric 
values are obtained for the standards. These 
are used to draw a calibration (standard) curve 
by plotting photometric v^ues against the 
concentrations. Then, by locating the photo- 
metric value for the sample on this standard 
curve, the unknown concentration in the 
sample can be determined. ^ 
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A Atomic Absorption 

.Atomic Absorption (AA) insftruments utijize 
absorption of light of a characteristic wave- 
length. This form of analysis involves 
aspirating^ solutions of metal ions (cations) ^ 
or molecules containing metals into a 
flame where they are reduced to individual 
atoms in a ground electrical state. In this ^ 
condition, the atoms can absorb radiation 
of a wavelength characteristic for each 
element. A lamp containing the element~of-^ 
interest as the cathode i^ used as a source 
to emit the characteristic line spectrum (or 
the element to be determined. 

The amount of energy absorbed is directlv 
related to the concentration of the elemer' 
of interest. Thus the Lambert- Beer Law 
applies. Standard^ can be prepared and 
lested and the resulting absorbancie values 
can be used to construct a calibration 
(standard) curve. Then the absorbance 
value, for'^the sample is located on this curve 
10 determine the corre^sponding concentration. 

. Once the instrument is adjusted to give 

optimum readings for the element of mterest. 
the tfe^ting of each solution can be done in 
a matter of seconds. Many laboratories 
wire recorders into their instruments to 
rapidly transcribe the data, thus conserving 
time spent on this aspect of the analysis. 
Atomic absorption techniques are generally 
u^d for^metals and semi-metals in solution 
orelse solubilized through some form of 
sample processing. For mercury, the , 
principle is utilized but the absorption of 
light occurs in Si flamejess situation with,—-/ 
the mercury in the vapor state and contained 
in a closed glass cell. ^ 

B Flame Emission 

Flame emission photometry involves 
measuring the amount of light given off by * 
atoms -drawn into a flame. , At certain 
temperatures, the flame raises the electrons 
in atoms to a higher energy level. When 
the electrons fall back to a lower energy 
level, ^the atojis lose (emit) radiant energy 
which can be detected and measured. 

Agsdn standards must be prepared and 
tested to prepare a calibration (standard) 
curve. Then the transmission yalue of the 
' sample can be located on the curve to 

determine its concentration. 
Many atomic a"bsorption instruments can be 
used for flame emission photometry. 
Sodium and potassium are very effectively 
determined by the emission technique. 
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How^ever. for many elements, absorption 
analysis is more sensitive because there are 
, a great number of unexcited atoms in the 
flame which are available to absorb the 
radiant energy. 

C Colorimetipy 

* Colorimetric analyses involve treating 

standards which contain known concentrations 
of tije constituent of interest and also the 
• sample with jceagents to produce a cplored 
solution. The greater the concentration of 
the constituent, the more intense will be 
the resulting color. 

The Lambert-Beer Law which relates the 
absorption of light to the thickness and 
concentration of the absorbing medium 

^ applies. Accordingly, a*^spectrophotometer 
is used to measure the'^mount of light of 
appropriate wavelength which is absorbed 
^ by the same thickness of each solution. 
The results from the standards are used to^ 

> ^ construct a calibration (standard) curve. 
* -Then the absprbance value for the sample 
is located^on this curve to determine the 
cor^fespSnding concentration. 

Many of the metals and several other 
parameters (phosphorus, ammonia, nitrate, 
nitrite, etc. ) are determined in this 
manner. 

VII GAff-LI<5JUID CHROMATOGRAPHY 

' Chromatography techniques involve a separa- 
tion of W components' in a mixture by using _ 
a difference in the physical properties oY the 
components. Gas-Liquid Chromatography 
(GLC)^ involves separation based on a differ- 
ence in the properties of volatility and solu- 
bility. The mcfthod* is used to determine 
algicides, chlorinatecj organic compounds . 
and pesticides. 

The sample is introduced into an injector 
block which is at a high temperature (e. g. 
210*0, 'causing the liquid sample to volatilize* 
An inert carrier gas transports the sample 
components through a liquid held in place as 
a ihin fUm on an inert solid support material 
in a' column,; 



Sample components petss through the column 
at a speed partly governed by the relative 
solubility of each in the stationary liquid. 
Thtis the least soluble components are the 
first to reach the detector. The type of 
detector used depends on the class of compounds 
involved. All detectors function to sense and 
measure the quantity of each .sample component 
as it comes^ off the column. The detector 
signals a recorder system wjiich registers 
a response. 

As with other instrumental methods, standards 
with known concentrations of the substance of 
interest are measured on the instrument. A 
calibration (standard) curve can be developed 
and thfe concentration in a sample can*be 
determined from this graph. 

Gas -liquid chromatography methods are very 
sensitive (nano^ranxj, picogram quantities) so 
only small amounts of samples are required. 
On the other, hand, this extreme sensitivity 
often necessitates extensive clean-up of 
samples prior to GL!c analysis. 

Vni AUTOMATED VIETHODS 

The increasing number of samples and 
measurements to be made in water quality 
laboratories has stimulated efforts to automate 
these analyses* Using smaller amounts of 
sample (senii-micr'b techniques), combming 
reagents for fewer measurements per analysis, 
and using automatic dispensers are all means 
of saving analytical time. 
However, the term "automated laboratory 
procedures" Usually means automatic intro- 
duction of the sample into the instrument, 
automatic 'treatment of the sample to test for 
a component of interest; automatic recording 
of data and, increasingly, automatic calculating 
and print-out of data. Maximum automation 
systems involve continuous sampling direct* 
from the source (e.g. an in-place probe) with • 
telemetering of results to a central computer. 

Automatpd methods, especially thlbse based on 
colorimetric methodology, are recognized for 
several wiater quality parameters includin^^ 
alkalinity, ammonia, nitrate, nitrite, phosphorus, 
and hardness. ' * 
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IX SOURCES OF PROCEDUR5;S 
Details of the pr^edui^e for an individual • 
measurement can be found in reference books. 

^There are three particularly-recognized books 
of procedures for water quality measurements, 

A Standard Methods^^) ■ ' » 

T^e^American Public Health Association^ 
•the A^ericap Water Works Association 
and the Water Pollution Control Federation 
prepare and publish "Standard Methods for 
the Examination of Water and Wastewater. " 
As indicateclby the.list of pubUshers, this , 
book contains ^methods developed for use by 
those interested in water or wastewaters^ 
treatment, \ 
B-ASTM Standards^^) 



The American Society for Testing and* 
Materials publishes an "Annual Book of 
ASTM Standards" containing specifications 
and methods for testing materials* The 
"book" currently consists of 47 parts. 
The part applicable to water was formerly 
Part 23, . It is now Part 31, Water. 

The methods are Qhosen by approval of the 
membership of ASTM and are intended to 
aid industry, government agencies and the 
general public. Methods are applicable to 
industrial waste waters' ks well as to other 
types af water sampleis, , , 

C EPA Methods Manual^^^ 

The United States Environmental Protection 
. Agency publishes a manual of "Methods for 
Chemical ^alysis of Water and Wastes, "• 

" "kpP^ developed this manual to provide 
^ methodology for mdhitoring the quality of 
our Nation* s waters and to determine the 
impaqt of waste discharges. The test pro- 
cedures were carefully selected to meet 
thefee needs, using Standard Methods and 
* ASTM aSyUSBic references., In many cases, 
the EPA/manihfc]^CTntains completely 
d^^erl^d procedures because they modified 
ethods from the basic references. Other r 
(ise, the manual cites, page numbers in 
two references where the analytical, 
procedures can be found. 



X ACCURACY AND PRECISION 
A Of the Method 

One of the criteria for choosing methods 
to be used for water quality analysis is that 
the method should measure the desired 
property or constituent with precision, 
a-ccuracy, and specificity sufficient to .meet 
data needs. Standard references, then, 
include a statement of the precision and 
accuracy fpr the method which is obtained 
' whfen (usually) several analysts in differeni 
laboratories used the particular method. 

B Of the Analyst 

Each analyst should check his own pre* iSK»n 
and accuracy as attest of his skill ir per- 
forming a test. According to 'the I . S, V.Vk 
Handbook for Analyti^cal Qualit-v Control^ 
he can do this in the following manner. 
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To check precision, the analyst should , 
analyze samples with four different 
concentrations of the constituent of interest, 
seven times each, , The study should cover 
at least two hours of normal laborator\ 

' operations to allow changes m conditions 
to affect the results. Then he should 
cadeulate the standard deviation of each of 
the set^ of seven results and compare h\s 
values Cor the lowest and highest concen- 
trations tested with the standard deviation^ 
v^lue publisTied for that method in the reference 
book. (It may be stated as % relative 
standard -deviation. If so, calculate ^ 
results in this form* )' An individual * 

, should have better values than those 

. averaged from the work of several 
analysts* . * - , 

Tp check accuracy, he can use two of the 
' samples usec| to check precision by adding 
a "known amount (spike) of the particular 
-constituent in quantities to double the lowest 
conqentration use&, and to bring an inter- 
mediate concentration to approximately ^1^% 
of the upper limit of application of the 
method. He then analyses' each of the spiked * 
samples seven timfes, then calculates the 
average of each set of seveq results, Jo 
calculate accuracy in t^rms of % recovery, i 
he will also need to calculate the average ot 
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the results he got ^when<he analyzed the 
unspiked sampleo, (background). Then: 



Recovery 



observed - background 



spike 



=1- 



100 



The actual calculation involves volume - 
1 concentration calculations for each terni. 

If the published accuracy is stated as 
% bias, subtract 100% from % recovery' 
to compare results. Again, the individual 
result should he better than the published 
* iigure derivew^m the results of several 
analysts. ^ • 

C Of Daily Performance 

Even after an. analyst has demonstrated ^is 
personal skill 4ii perfornaing the analysis, 
a daily cReck or^ precision and acpuracy 
should be done. About one in evf ry ten 
samples should be a duplicate to check, 
precision and about one in every ten samples 
should be spiked to»chfeck accuracy. 

' It -is afso beneficial lo participate in inter- 
lab6ratory quality control programs. The 
U.S. EPA provides reference samples at 
no charge to laboratories. These samples 
serve as independent checks on reagents, 
instruments or techniques; for training 
analysts or for comparative an^tlyses within 
the laboratory. There is no Certification 
or other formal evaluative function resulting 

. from their use. 
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\ PROCEDURES 

Standard sources^ ^' ^' will, for ino3t 
par^imeters, eontain more than one 'analytical 
proc^edure. Selection of the procedure to be 
used in a specific instance involves consider- 
*ation of the.use to be made of the data. In 
someicases> one must use specified procedures. 
In others, one may be' able to choose among 
several methods. 



A NPDES Permits and State'Certifu ations 

A specified analytical procedure must be 
used when a waste constituent is measured 

\ 

1 For an application for a National Pollutant 
Discharge, Elimination System (,N PDKS) 
permit under Section 402 of the Federal 
Water Pollution Control Act (F\A^ P< 

as amended. ^ 

2 For reports required to be submittP' b\ 

dischargers under NPQES, 

^ «. ^ 

3 For Qer&ficatlons' issued bv states 
pursuant to*^S>ction'401 of the FWP( \. 
as amended. 

Analytical procedures to be used in these 
situations must conform to those specified 
in Tftle 40, Chapter 1, Part 136, of the 
Code of Federal Regulations TCFR). ^The 
listings in the CFh usually cite two different 
procedjires for a particular Tneasurement. 

The CIF'R also provides a system of 
applying to EPA for permission to ^ 
. use methods not cited, in the CFR. ' 
Approval of alternative methods for\ 
nationwide use wiU^be published ixk \ * 
the Fe^^al Register. ' . | ^ 

B Ambient Water QiiaUty Monit6ri)ag • 

For Ambient Water Quality Mciiitorlng,,^ 
analytical procedures have not been 
Specified by regulations. However, the 
.^election of procedures to be used sHouici 
receive attention. Use of those listed in 
the CFR IS strongly recommended. If • 
any of the data obtained is going to_be user 
m connection with NPDES permits, or n^a\ 
be used ars evidence, in a legal proo^edmg,, 
use of procedures listed in the CFR is 
• . again* strongly recommended. ^ 
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C.^ Drinking Water Monitoring 

In December, 1975i National Interim 
Fi'lma^y 'Drinking Water Regulations 
, vto be effective June 24,. 1977 wiere 
^ ^ published in the Federal Register in 
^ Title '40, Chapter 1, Subchapter D, 
Part 141. The, publication includes 
s'^ecification of analytical procedures 
to be used when determining compliance 
with the maximum contaminant level^ 
of required parameters. 

Because of the low concentrations in- 
volved in the regulations, there is often 
just one analytical method cited for* 
0 each parameter. 

Individuals or orgaoiizations may appjy 
to EPA for permission to use methods 
not cited in the above. Approval of • 
alternative methods *for nationwide use 
wiU.be pi^blished "in the Federal Register. 



Xlf'PIEI^D KITS - 

; Field kits have been deVised to perform 
analyses outside of the laboratory^ The kit 
may contain equipment and reagents for only 
ope te^t.or for a variety of measurements.^^ ^ 

* It may be purchased ^ put togem^r by an 
agency to sery§ its particular needs. / 

Since 6uch*kits are devised for performing 
tests with minimum time and maximum 
simplicity/ the types of labware and reagents 
- etnployed usually differ significantly from {he 
equipment and supplies used to'perforno^ the 
same measurement jji a laboratory. 

' I ' . 

A Shortcomings ^ 
y * I 

Field conditions do not accommodate the 
equipn^ent and service's rejquired fOf pre- 
treatments like distillat^n aiid dirgfistion. 
Nor is it practical to cajf ry and use calibrated, 
glassware like bursts and volumetric pipets. 
Other problems are prepara^n, transport 
and storage of high quality reagents, . of 
extra supplies required to test for and remove 
sample intei^ferences before making the 
measurement, ^ and of instruments which • 



are very sensitive in detecting particular 
constituents. One just cannot carry an,d^ 
set up laboratory facilities in the field which 
are e4[uivfiCtent to stationary analytical 
facilities. * > 



B Uses* j\ 

Even though the results of fi^ tests are . 
usually not as accurate and precise as those^ 
performed in the labor^tory^ such tests do 
have a place in waler quality programs. 

In situations w^ere only an estina te of the 
concerftrations of va'ridus constituents is 
required, field tests serve well. Thery are * 
invaluable sources of infornriation for ^ 
planning a full-scale sampling/ testing 
program»when decisions must b^ made 
r9ga1*aing location of. sampling sites, • 
schedul^o£^fiitppl§ collection, dilution of 
samjjles^^quir^d for analysis, and treat- 
mentvOf^samples require^! to remove inter- 
ferences to analjgses. * ^ 

C 1>IPDES Permits *and State Certification 

^ Kit methods are not approved for obtaming^ 
*data reqyired for NPDES permits or State'^ 
construction certifications. If one judges ' 
''that such a method is justifiable for these 
purposes, he must apply to EPA for per- 
mission to use it. - 

^D. Drinking Water Moqjtoring 

The DPD test kit for r^iduai chlorine is 
approved in the December. 1975 Federal 
Register for monitoring drinking-water 
^ *in cases where chlorine tests are stib- 
stitutes for microbiological te^s. * 
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SPECIFIC CONDUCTANCE 



INTRODUCTION 

An electrical conductivity measurement of a 
solution determines the ability of the solution 
to conduct an electrical current. Very / 
concentrated solutions have a large population 
of ions £tnd transmit current easily or with 
-slhall resistance. Since resistivity is^ ^ 
inversely related to conductivity K = ^, 
a very concentrated solution has a very 
high" electrical conductivity. 

Electrical conductivity is determined By 
transmitting an electrical current through 
a given solution, using two electrodes. The 
resistance measured is dependent principally 
upon the ionic concentration, ioni<i charge, 
and temperature of the solution although 
electrode characteristics (surface area and 
spacing of electrodes) is also critical. Early 
experiments in standardizing th6 measurement 
led to construction of a "standard cell" in 
which the electrodes were spaced exactly 1 cm 
and each had a surface area of 1 cm, . Using 
this cell, electnical Qpntiuctivity is expressed 
as "Specific Conductance". Modern specific 
conductance cells ^o not have the same 
electrode dimensions as the early standard 
cell' but have a characteristic electrode spacing/ 
a^rea ratio known a^ the "cell constant". 



K = i X 
sp R 



* distance (cm) 
'area (cm^) ' 



K 



sp 



1 

JL. 



X k 



k = cell constant \^ 



Specific conductance units are Mhos/ cm or 
reciprocal ohms /cm. Most natural^ fresh 
waters in the United States have specific 
conductances ranging from 10 to 1, 00^ 
micromhos/cm. (1 micromho = 10 mHo). 
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n CONDUCTIVITY INSt^BUMENTS 

Nearly all of the comnierdial specific con- 
ductance instruments are of a bridge circuit 
design, similar to a Wheatstone Bridge: 
Null or balanoi* is detected^eit'her by meter 
movement, electron "ray eye" tubes, or 
headphones. Since resistance is directly 
related to temperature, som^ instruments 
have automatic temperdture compensators, 
although, inexpensive niodels generally havi? 
manual temperature compensation. 

Conductivity instruments offer direct specific 
conductance r®^out when used with a cell 
"matched" to that particular instrument. 

Electrodes within the cell nxay become 
damaged or dirty and accurate^ may be 
, affected; therefore, it is advisable to 
frequently check the instrument readings 
with a standard KCl solution having a known 
specific conductance. * 



III CONDUCTIVITY CELLS 

Several types of conductivity cells are 
available, each having general applications. 
Dip cells are generally, uspd for field 
measurement, flow cells for measurement, 
within a closed sysfgg, and pipet cells for 
laboratory use. Ma^r modifications of.ihe 
above types are available for speciali^rad 
laboratory applications; the Jones cells and 
ipductive mpacitance cells are perhaps the 
most common.. 



Examples of various cell' ranges for the RB3 
- Industrial Instruments model JX^O 
micromhos/cm scale range) are in T'able 1. 



Relative 
Cell Conductivity 
Nimiber Value 



C^l VS02 
Cel VS2 
CeX VS20 



uc 
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. 10 
100 



Maximum range 
mlcrbmhos/cm 



Most accurate range 
micromhos/cm 



50 

0 - 500 
0 - 5000 

Table 1 



, 2 
20 
200 



30 
300 
3000 



110 



IV computation of Calibration Constant 

' A calibration constant is a factor by which 
scale readings must be multiplied to^com-^ 
pute specific conductance. ' 

K = cM " 

where K"^ = actual specific coft^iuctance 
^ sp 

c\ = calibration cons^int 

M = meter reading 

For example, a O.pOl N KGl solution - 
(147 micromhos/cm standard)' may show 
a scale reading of 147, 



147 c 147, c 



147 
147 



= 1.00 



Properties of some inorganic? ions in regard 
to eJectrical conductivity are shown belowvr' 

micromhos/cm 



In this caiie the cell is perfectly ^"matched" 
to the instrument, the calibration constant 
is 1.00, and the scale reading represents' 
actual specific conductance. A variety of 
celis, each covering a specific range, 
may be^tised with any one instrument. 
However, a calibration constant for each 
cell must be computed before solutions of 
unknown specifia conductance can be 
determined. 



Ion 

Calcium 

Magnesium 

Sodium 

Potassium 

Bicarbonate 

Carbonate 

Chloride 



per meq7]L conc» 



52.0 
46.6 
48.9 
72.0 
43.6 
84.6 
75.9 



Vl ESTIMATION OF CONSTITUENT 
CONCENTRATIONS 

Generally speaking, for vfaters having a 
dissolved solids concehtraticJn of less than 
1, OOOmg/L, calcium and ^lagnesium '(total 
hardness), sodium, bicarbonate and 
carbonate (total alkalinity), and sulfate are 
the principal or most abundant ions, 
representing perhaps^90-99% of the total 
ionic concentration of the water. Specific 
conductance, total hardness and total 
alkalinity are all simple and expedient 
measurements which can be performed in 
1)ie field. Thereft)re, the remaining principal 
ions are sodium and sulfate, and concentrations 
of these can be estinvated by empirical - 
methods. For example, we find that a certain 
water has: 



V RELATIONSfflP OF SPECIFIC OON- ^ 
DUCTANCE TO IpNl6NC0NCENTRATI0N ' 

Natural water consists of many chemical ' 
c6nstitufents, eaph of which may diffe*r 
widely in Ionic size, mobility, kn<^sol\ibility. 
Also, tot«f constituent concentration and 
proportions of certain ions in various natural 
waters range considerably. However, JSC 
is surprising that for most natural waters 
having les9 than 2, 000 mg/L. diSSolWd 

. solids, dissolved solids values are ^l^sely 
related to 'specific conductance values, 
ranging in a ratio of . 62 to .70. Of course 
this does not hold true for certain waters ' ? 
having considerable amounts of nonionized 
soluble ynaterials*; such as organic com- 

' pounds and nonionized, colloidal* inorganics. 



Kgp « 500 micromhos/cm 
Total Hardness ' 
Total.Alkalinity 
as bicarbonate. 



160 mg/L or 3.20 meq/L 
200^mg/L or 3. 28 meq/L, 



Next we multiply the specific conductance by 
*0.6li (500X0.011 » 5.50) to estimate the 
total ionic concentration in meq/L. 

* This fact9r may vary slightly for 
different waters 



4 Cations (meq/L) 



3^20 



Calcium 
Magnesium 
Sodium 5.50«3.2pj* 
Total Cations 5.50 



2.30 



Anions (meq/L) 

/ 

Carbonate 0.00 
Bicarbonate 3.28 
Sulfate 5.50-3.28 



2.22 



Total Anions 5. 50 



Realizing that'several variables'are involved 
in empirical analysis, application rests 
entirely upon testing the formula with previous 
complete laboratory analyses for that 
particular water. If correlation is within ^ . 
acceptable limits, analytical costs, may be - 
substantially reduced. Empirical analysis 
can also be used in determination of proper 
aliquots (dilution factor) necessary for 
laboratory analysis. 

Records of laboratory chemical analysis may*^ 
indicate that a particular stream or lake \ 
shows a characteristic response to various 
streamflow rates or lake water levels. If 
. the water's environment has not been altered 
and water composition responds solely to " 
natural causes, a specific conductivity 
measurement may be occasionally used in 
substitution for laboratory analyses to 
determine water quality. Concentration pf 
individual, constituents can thus be estimated 
from a specific conductance value. 

yn APPUCATIONS FOR ^EJGIPICV 

CONDUCTANCE MEASUREMENTS ' : 



D Geology-.. 



-1} 



(2) 




A Laboratory C^erations 



|1 Checking purity of distiijed and de- 
^ ionized water ' 



2 Estimation of dilution factors for 
pamples 

3 Quality control check on analy^cal 
accuracy * ^ 



4 An electrical indicator 
B Agriculture 

1' ^ Evaluating salinity 

2 "Estimating'Sodium Adsorption 
C Industry^^^ 

1 Estimating corrosiveness of water in 
steam boilers 



1 Strajigraphic identification and 
characterization/ 

a ^ geological mapping 
b oil explorations" 

E Oceanography 

1 Mapping ocean currents 

'2 Estuary studies 



'ology 



1 locating new watei;:^ supplifta 

a /buried stream channels (See Fig. 1) 
b ^springs in lakes and 
streams (See Fig. 2)- 

2 Detection and regulation of sea water , • 
"* encroachment on shore wells 



>G Watei: Qua;iity Studies 

1 Estimation of dissolved solids 
(See Section V, also Fig. 3) 



(2) 



;/ 



' 2" 'Empirical analysis of constituent 
concentrations (See Section VI, also 
reference 2) 

3 Quality control check for salt water 
conversion studies ' 




4 Determination of mixing efficiency 
of streams (4^e Fig. 4) 

\, \5 Determination of flow pattern of 
pc^Uuted currents (See Fig. 4) 

"6 Identification of significant fluctuations 
j^^^ V 'in'industrial wastewater effluents. 

7 Signal of significant chtages in Ihe 
' composition of influents to waste 
treatment plants 



2 ^ Efficiency check of boiler operation 



/ 
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Specific Conductance 



. ^ ^ ' FIGURE 1 
DETKTION OF KURIED STREAM CHANNELS 




TEST WELLS 



X-SECT 



1 . * 



FIGURE 2 



DETECTION OF SPRINGS IN LAKES AI^D 5TREAWS 



MAN LOWBIING 
CONbUCTIVITy CELL 



LAND SURFACE 
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♦ Specific Conductanoe 
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DISSOLVED SOLIDS, mg/llter 

Figurp 3. SPECIFIC CONDUCTANCE AND DISSOLVED SOLIDS 
. IN COMPOSITES OF DAILY SAMPLES. , GILA RIVER 
AT BYLAS, ARIZONA, OCTOBER 1, 1944 TO 
SEPTEMBER 30, 1944. 

.GeoiogJtal Survey Water-Suppiy Paper 1473. 
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Specific Conductance 



/ 




0 10 20 30 

TEMPERATURE, «C. ' " 

Figure 5. SPECIFIC CONDUCTANCE OF A 0.01 
NORMAL SOLUTJON OF POTASSIUM 
CHLORIDE AT VARIOUS TEMPERATURES, 

Ge-ological Survey Water-Supply Paper 1473. 
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Figure d. SPECIFIC CONDUCTAI^CE OF POTASSIUM 
CHLORIDE SOLUTIONS. 

Geological Survey Water-Supply Paper 1473 
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Specific Conductance 



VIII NPDES METHODOLOGY 
« 

. A' The Federal Register "List of Approved* 
Test Procedures" for NPDES reqiiire- 
mepts specifics that specific conductance 
be measured with a self-contained 
conductivity meter, Wheatstone bridge 
' typeU)<2)(3) 

Temperature directly affects specific 
conductance values (see Fig. 5). For 
this reason, samgles- should preferably 
* ^ be analyzed at 25 C. If not, temperature 
corrections Should be made and results 
reported as umhos/cm at 25**C. 
J 

1 The instrument should be ;3tandardized 
usii)g KCl solutions. (See Fig. 6) 

2 It is essential to keep the conductivity 
cell clean. 

B The EPA manual specifies using the 
procedure as described in Standi^rd 

Methods^^-^ or in ASTM Standards^^^ 
These are approved in 40 CFR136 for 
NPDES Report purposes. 

(1) 

C Precision and Accuracy 

Forty-one analysts in 17 laboratories 

analyzed 6 synthetic water samples 

containing the following K increments 

sp 

. of i^iorganic salts: /iOO, 106. 808, 848, 
. 1640 and 1710 micromhos/cm.^ * 



The standard deviation of the reported . - 
' * values was 7; 55, 8. 14, 66. 1, 79. 6, 
106 and 119 ^inhos/ cm respectively. 

^The accuracy of the .reported values was 
-2.01-^^^, -29,3, -38.5, -87. 9 and 
' •8«r'^^ihos/cm bias respectively. 

r 

REFERENCES 

1 'Methods for Chemical Analysis' of Wkter 

and Wastes, EPA-AQCL, Cinci/inati, 
Ohio 45268, 1974. 

2 Standard Methods for the Examination 

of Water and Wastewater,^ APHA-AWWA- 
0 WPCF, 14th Edition, 1976. ^* 

3 ASTM Annual Book of Standards, Part ^1* 

1975. ' ' ' 



This outline was prejiared by John R. Tilstra, 
Chemist, National Eutrophication Research 
Program, Cdrvallis, Oregon with additions 
by Audrey D. Kroner, Chemist, National 
Training and Ope^'ational Technology Center, 
OWpO. USBPA, Cincinnati, Ohio 45268. 

Descriptors: 'Chemical Analysis, Concentration, 
^ Conductivity, Dissolved. Solids^ Electrical 
Conductance, Ions, Physical Properti^es, Salinity, 
Sodium, Specific Conductivity* Sulfates, Water 
AnalyTSis, Water Supplies • 
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■ CALIBRATION A^ND USE OF A CONDUCTIVITY METER 



I EQUIPMENT AND. REAGENTS, 
A Equipment - ^ 

' 1 Solu Bridge conductivity meters 

2 Probes 

a CellVS02 
b CeUVS2 
c CeU VS20 

3 Thermometers 

4 400 ml beakers • 
B {leagent& 

1 Standfird KCl solutions 



Normality of 
KCl Solution 

* 0.0001 
^ 0,001 
0,01 
0, 1 



Specific Conductance 
micromhos/cm. ' 

14.9 
447.0 
1413.0 
12900.0 



2 Distilled water 



U CHECKING THE INSTRUMENT 



^ turning the specific conductsLnce switch. 
The specific conductance reading should 
.be approximateiS^ 200 rpicronihos/ cm. 



m, DETERMINATION OF THE CALIBRATION 
' CONSTANT - « 

A Determine the temperature of the 
standard KCl solutions and move the 
* temperature knob to that value. 



B Coni<^ct probe Cell VSO 
ductivity, meter. 



to^ the con- 



The measurement of specific conductivity 
as presented in sections II and HI i^ 
^writtefi for one type of conductivity meter 

,and probe. * 

c 

A battery check is made by depressing 
the Pattery Check switch, and at the 
same time pressing the on- off button. 
,The ijieter needle, should, deflect to the 
right (positive) and come to rest in theP 
green zone^s^ 



Place a 10, 
of the elect! 
Turn, the 



L0,i00 
m etric 
temp 



00 ohm resistor in the holes 
ical conta cts on the meter 
eraitUre 



d 25^ 



knob to re; 
Depress the on-dfif' button and brfeg the 
meter needle to a' reading of 0 by 



C Rinse the probe in the beaker of 

distilled water, wipe the excess water 
with "a* kimwipe and place probe in the* 
' firi^t beja^er of KOI solution (0.0001 N). 

•D Make certain the cell is submerged to 
a point at least 1/2 inch above the air 
hole and that'n6 entrapped air rj|nriains. 
JThe' cell should also be at least "1/2 
inch from the nnside walls ^of the flask. 

E Press and hold down the ON-OFF 

button, simultaneously rotating the main ♦ 

* scale kiiob notil the meter rea^ zero« . 
Release th'e Bytton. (If tj^e meter needle 

^ remains off^cale <5r c;amnot be nulled, 
" discontinue testing in that solution.^ 

*F Record the scale reading in Table\ ^md 
proceed to KCl solutions 0. OOIN, 
0. (MrN, 0. 1 N ^sing Steps C, Pa^pd.E. 

<j Repeat 'Steps C through F using the VS2, 
thenthe VS20 probe. 

"^H Compute the cell calibration constant-a 
factor by which scale readings must be 

* multiplied to compute specific^ conductance 

K ^cM . ' ^ - 

' ' ^ where K = actual specific conductance, 
c = calibiicfion constant 
M= meter reading 

(continued next page) , 
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: Calibration and Use of a Condu^;tWity Meter 



. Kelative 

CeU/ Conductivity. Maximum range Most accurate^ange 
Numb^ ' Value ^ micromhos/cm micromhos/cm 



0 - 50 
0 - t 500 

0 -jbooo 



2 - SO 
20 - 300 
loo -^3000 



Probe 


Ctfll VS02 


' 6eU VS2 


-> 


ceir VS' 


20' 


KCl 
Soliitlons 


0.000 IN 


O.OOIN 


O.OIN 


0. IN 


O.OOOIN 


O.OQIN 


O.OIN 


O' IN 


O.OOOIN 


0. O^IN. 


O.OIN 


0. IN 


. Test 1 












• 














ten 

Constant 
















( 











For^eadi cell, calculate i\ie cell constant 
by using the meter reading closest to the 
-^400 - 6,00 range. The known specific 
. conductance for' the corresponding KClV/ 

solution can be found in IB Reagents. Record 
• t^e cell constants on Table 1. 



IV DETERMINATION OF Kgp FOR SAMPLES 

- Obtain meter readings, M, for samples 

•A, B and C using Section III C, D and E. 

Record M in Table 2. See Table I for 

the appropriate cell constant, "c, to • 

calculate Kgp for each sample where 

K I ^-cM* Record results in Table 2. 
sp * 



V EPA METHODOLOGY 

\ The current EPA Manual^ specifies 
using the procedures found in References 

'^2 and 3, These procedures have been 
adapted for this laboratory session and 
all 'are approved In 40CFR136 for NPDES 
report purposes. 



TABLE 2. 



SPECIFIC 
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REFERENCES 

1 lyietHods for Chemical Analysis of / 
Water and Wastes, USEPA, AQCL, 
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• 2 ' Stanc^ard Methods for the Examinaltion 
of Water and Wastewater, 14th 
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' r'. •> . " , :'\^ 

Descriptors: Analytical Techniques^ ^Ophductivity, 
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Water Analysis. • • . ' 

CONDUCTlthXY TESTS 
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A 


B 




c- 




*\^Probe 


CeU 
VS02 


CeU 
VS2, 


' CeU 
VS20 


CeU 
VS02 


CeU 
VS2- 


CeU 
VS20 


CeU . 
VSC)2 


qelL 
VS2 ' 


CeU 
VS20 


1 


































r 


























CeU 
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Sp. Cond. 
ufnhos/cm 
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DISSOLVED OXYGEN 
DETERMINATION BY ELECTRONIC MEASUREMENT 



I INTRODUCTION 

A Electronic measurement of DO is attractive 
" »for several reasons: 

1 Electronic methods are more readily , 
adaptable for automated analysis, con- 
tinuous recording, remote s*ensing or 
portability. 

2 Application of electronic methods with 
membrane protection of sensors affords 
a high degree of interference control. 

3 Versatility of the electronic system 
permits design* fqr a particular measure- 
ment, situation or use. 

«• 

4 Many more determinations per man- 
hour are possible with a minor expend- 
iture of time for calibration. 



B 



/ 



Elec^onic methods of analysis impose 
certain restrictions upon the analyst to 
insure the response does/infapt, 
indicate the item sought. 



Electronic measurements or electro- 
metric procedures - procedures using 
the measurement of potential differences 
as an indicator of reactions taking 
place at an electrode or plate. 

Reduction - any process in which one 
or more electrons are adde^ to an atom 
or an ion, jSUch as + 2e 20" 
The oxygen has been reduced. 



Oxidation - any process^ in which ofle 
or more electrons ar6 removed from 
an at6m or an ion, such as Ziio - 2e 
Zn"^^, The zinc has beqn oxidize^. 

Oxidatipn - reduction reactions - in a 
strictly chemical reaction, ^reduction 
cannot occur unless an equival^t 
amount of sjpme oxidi^ble substance 
has been oxidized. For example: 



2H„ + 0„ ^ 



2 
4e 



2H2,- 

0„ + 4e 20' 



2H2O 



hydrogen okidizedC^ 
oxygen reduced ^ 



The e^e of reading the indicator tends 
to prqij^ce a false sense of security. 
Frequent and careful calibrations are 
essential to establish workability of the 
apparatus ^nd validity of its response, . 

The use of electronic devices requires' 
a greater degree of competence on the " 
part of the analyst. Understanding of 
the behavior of oxygen must be supple- 
mented by an understanding of the 
particular instrument and its*behavioi^ 
•during urfe, ' . 



C Definitions 



Electrocriemistry - a branch of chemistry 
dealing ^ith relationshipi^ between^ 
electrical and chemipal changes. 



Chemical reduction of oxygen may also 
be accomplished by electrons supplied 
10 a n6ble xnetal electroi^e by a battery 
or bther energizer. , ' 

Anode ^ an electrode at which oxidation ' 
of some reac'table substance occurs. 

Cathode - an electrode af which 
reduction of some reactable substance 
occurs . For example, in I, C. 3, the 
reduction of oxygen occurs at the ^ 
cathode. 

Electrochemical reaction - a reactiou 
involving simultaneous conversion of 
chemical energy into electrical energy 
or the reverse. These conversions are 



Note; 



Mention of CommerciaLProducts and Manufactui;ers Does 
Not Imply Endorsement by tlie Environmental Protection^ 
Agency. ^ ' \ *v • , ' * ^ 



CH. O, do. 32a, 2. 
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Dissolved Oxygen Determination 



""z eqviivalent in term^ of chemical and 
^ elect:^ical energy and generally are 
reversible. i-.^^^^-^^ 

# 

9 Electrolyte a solution, gel, or mixture 
» capabl^ of con ducting, electrical energy 

and serving -as d reacting media for 
chemical changes. The electrolyte 
comiT^ly contains firti apprcyjriate 
^ concentration of selected mobile ions 
to promote the desired reactions. 

10 Electrochemical cell - a device con- 
sisting'Of an electrolyte in which 2 
electrodes are immersed and connected 
via an external metallic conductor. 
The electrodes may te in separate 
compartments connected by tube con- 
taining electrolyte to complete the 
internal circuit. 

^ a Galvanic (or voltaic) cell - an 
electrpch^io^ cell operated in 
such a way\s toyproduce electrical 
energy fr«om\a chemical change, 
such as a battery (pee Figure 1). 



Cathode 



Poiarographic (electrolytic) cell - 
an electrochemical cell operated in ^ 
such a way as to produce a chemical 
change from electrical energy 
(See Figure 2). 



Anode 



SO4— 



CU++I 



S04^- 



POIAROGRAPHIC CELL 



Aiodi I 



Cithodt 



SO4 











1 










i 








i 

i 






as 





GALV^JC CELL 
Fifiri t 



£ 



As indicated iti I. c\ 10 the sign of an 
electrode may change as a result of the 
operating mode. Th6^ conversion by the 
reactant of prii^ry interest at a given 
electrode therefore.deaign^tes terminology 
for that electrbde/^uid operating mode. 
In electronic oxygen' analyzers, .the 
electrode at which oxygen reduction occurs- 
is designated tl\fe cathode. ^ 

Each cell type has characteriVtic advantages 
and linaitations . Both^may be used 
effectively. \ 

1 The galvanic cell depends uponV 
measurement of electrical energy, 
produced as a result of oxygen . 
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Dissolved Oxygen Determination 



reduction. If the oxygen coi)tent of the 
sample is negligible, the measured \ 
current is very lowand indicator driving 
force js negligible, therefore response 
time is longer. « 

The polarographic ^ell uses a standing 
current to provide energy for oxygen 
reduction. The indicator response 
depends upon a change in the standing 
current as a result of electrons 
jeleased during oxygen reduction., . 
Indicator response time therefore is 
not dependent upon oxygen concentration. 

Choice maj^ ^epend upon availability, 
habit, accessories, or the situation. 
In each case it is i^cessary to use 
care and judgment ooth in s&lection 
, and use for the objectives desired. 



n ELECTRONIC MEA SUREMENT OF DO 

A Redtfction of oxygen takes^lace iA twp 
steps as shown in the following equations: 



1 Og + 2H2O + 2e H^Og + 20H 
2^H202 + 2e"'-^20H"' 



Both equations require Electron input to 
activate reduction of oxygen. The first 
reaction is more important for e^lectronic 
DO xaaeasurement because it occurs at a 
potential (voltage) which is below that 
requiredvto activate reduction of mq^t 
interfering components (0.3 to 0,8 volts 
relative to the,jsaturated calomel elfectrode - 
SCE). Interferences tfiat may be reduced * 
at or below that- reqxiired for oxygen 
usually are present at lower concentrations 
ill water or may be minimized by the use 
of a selective membrane or other means. 
When reduction occur^s, a cjefinite quantity 
of electrical^ energy is produced fhat is 
proportional to the quantity of reductant 
entering the reaction. Resulting current 
measurements thus ar^ more specific for. 
/ oxygen reduction. 

B Most electronic measurenxents of oxygen 
are based \xpgn one of two .techniques for 
evalmting oxygen reduction in line with 



equation. II. A. I. Both require activating 
energy, both produce a current proper- v 
tional to the quantity ctf reacting reductant. 
The techniques differ in the means of ^ 
supplying the activating potential; one 
employs a source of outside energy* the 
other uses spontaneous energy produced 
by the electrode pair. " ' 

1 The pc^rographic oxygen sensor 
relies upon, an outside source of 
potential to activate oxygen reduction 
Electron gain by oxygen changes the 
^reference voltage. - • v , 



a Traditionally, the dropping mercury 
electrode (DM^) has been used^for . 
. polarographic measurements. Good 
.(results Mve been obtained for d6 
Wng the DME but the difficulty of 
n^iAtaining a cpnstant mercury drop 
. rate, temperature control, and 

freedom from turbulence makes it 
» impraqtical for field use. 

b Solid electrodes are attractive / 
because greater surface area 
iniproves sensitivity. Poisoning 
of the solid surface electrodes is 
a recurrent problem. The use of 
selective membranes over noble . 
metal electrodes has minimized 
but not eliminated electrode con- 
tamination. - Feasibility has been 
improved sufficiently to make this 
type popular for regular use, 

• ' I- 

' Cialvartic oxygen electrodes consist of 
a decomposable anode and a noble 
metal cathode in a suitable electrolyte 
to produce activating energy for oxygen 
reduction (an air cell or battery). Lead 
iS^mmonly used as>the anode because" 
its decomposition potential favor^ 
spontaneous reduction of oxygen. Tfee 
prdceas is continuous as long as leSid 
and oxygepiare in contact in* the electrolyte 
and the electrical energy released at 
the cathode may be dissipated by an 
outside circuit. THe anode .may be 
conserved by limiting oxygen ayailability. 
Interrupting jthe outside circuit me^ 
pr.oduce erratic behavior for a time 
after reconnection. The resulting 
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carx^ht produced by oxy^n reduction 
may be converted to oxygen concen- 
tration by use of a sensitivity coefficient 
obtained during calibration, Provi^on 
of a pulsed or interrupted signal makes 
, \ jt possible to am'plify or, control the 
^ signal and a.djust it for direct reading, 
in terms of oxygen concentration or to 
' compensate for temperature effects. 

r ^ • - .""^ 

m ELECTRONIC iXTANALYZER ,r^' 
APPUCATION FACTORS . 

Polarographic or galvanic DO. Instr undents 

* operate as a result*of oxygen^artial 
pressure at the sfensor surface to product 
a signal characteristic of oxygen reduced 

* at the cathode of some electrode pair. 
This signal is conveyed to an indicating 
device with or without modification for 
sensitivityand tjegMperature' or other 

. influences depending upon thevinstrtunent 
. capabilities and intended use. ; 

1 Many approaches'" and refinements have^ 
been used to improve workability, y 
applicability, validity, stability and 
control of variables. Devfelopm^nts 

^re continuing. ^Xtis possible to produce 
a device capable of meeting any reasonable 
situation, but situations differ. 

2 Ifilpst commercial DO instruments ar^ 
designed for use under specified con-^» 7 

^ ditions. Sbjne are toore versatile than 
others." Benefits are commonly reflected 
in the price. It is essential to deter- 
mine the requirements of the iheasure- 
ment situation and objectives for use. 
Evaluation of a given^instrument in 
terms of sensitivity, response tinie, 
poitability, stability, service ' 
characteristics; degree of automation, 
and ccmsistency are used for judgment 
on a cost/benefit basis to select the 
most acceptable ^init. 

B Variable s^Affecting felectrontc DO 

M^sxirement * 

r 

1 Temperature affects the solubjllity of" 
oxygen, the^ magnitude of the. resulting 
signal and the permeability of the 



protective membrane. A curve of 
oxygeiy^oiubility ia water versus 
inp^ksing temperature may be concave". 

^doM^ward'while a s'itnilar curve of 
sensor response versjis tempeittture 

. is concave upward, Increasing ' 
temperature decreases oxygen solubility 
and increases probe sensitivity aiid 
membrane permeability^ Thermistor 
actuated compensation of probe 
response Based upon a linear relationr 
ship.<>r average of oxygen solubility 
and electrode sensitivity is not precisely 
correct as the maxim\un?? spread in 
curvature occurs at about l,7oC with i 
IpweV deviations from linearity above 
or below that temperature. ^ If the 
instrunaent is calibrated at a temperature, 
within + or - 50 c of working temperatyre, 
the compensated readout is likely to be 
within 2% of the real va^ue.^ Depending 
upon prob^ geometry, the laboratory 
sensor may. required to correction 
of signal per o C change inMiquiciX 
temperature. 

Increasing pressure tends to increase ^ 
electrode ;response by compression 
and contact effects upon the electrolyte, 
dissolved gases and electrode surfaces. 
As long as entrained gases are not 
contained in the electrolyte or under 
the membrane, these effects are 
negligible, ' 

Inclusion of entrained gases results in . 
erratic response that increases with 
depth of immersion. 

Electrode^ensitiyity change^ ocqut as 
a result of. the nature ajid concentrajtion * 
of contaminants at the electrode surn 
faces and possible physical chemical or 
electronic side reactions produced. 
These may take the form of a physical* 
barrier, internal short, high residUal 
current, or chernicdl changes in the 
metal^surface. The^njembrane is 
Intended to allow dissolveti-gds pene- 
tration but to exclude passage'* of ions ; 
or particulates. Apparently sonie ions 
or niaterials* producing extraneous ions 
within the*electrode vicinity are able 
to pass in limited amounts which * 
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become significant in time . Dissolved 
* gases include 1) oxygen, 2) nitrogen, 
3) carbon dioxide, 4) hydrogen sulfide, 
and certain others. Item 4 is likely to * 
be a major problem. Item. 3 may pro- 
duce deposits in alkaline media; most 
electrolytes are alkaline or tend^to 
become sq in line with reaction n.A. 1, 
The usable life of th^ sensor varies 
with the type of electrode system, 
surface area^ amount of electrolyte 
and type, menibrane characteristics, 
Jiature of the samples to which the. 
systen> is exposed and the length of <f 
exposure'. For examp]^ galvanic 
electrodes used in activated sludge 
tanits showed that the time between 
cleanup was 4 to 6 months for electrodes \ 
- ^uisetTfor intermittent daily checks of 
effluent DO; continuous use in the mixed 
liquor required electrode cleanup in 2 
to 4 weeks. Each electrometric cell 
configuration and operating mode has ^ 
its own J:'espons,e characteristics. 
Some are more stable than others. 
It is necessary' to check calibration 
frequency required under conditions 
of use as none of them will maintain 
uniform response indefinitely. Cali- ; ^ 
bration befd^i(|^ and after daily use is 
advisable. 

4 Electrolytes may consist of solutions 

or gels of ionizable materials such as ^ 
acids, alkalies or salts. Bicarbonates, 
KCl and |<I are frequently used. - The 
electrolyte is the transfer and reaction 
media, hence, it necessarily becomes 
contaminated before damage to the 
electrode surface may occur. Electro- 
lyte concentration, nature, amount and 
quality affect response time, sensitivity, 
* stability, and specificity of the sensor 
system. - Generalty a small quantity of 
electrojyte givesTa shorter response " ^ 
time and higher sensitivity but also may- 
be affected to a greater extent by a 
given quantity of contaminating sub- 
stances. " ' 

5" Membranes may^ consist of teflon, 
polyethylene, rubber, and ceriain 
other polymeria films . Thickne ss 
lAay vary from/S, 013 W 0. 076 mm 
(0« 5 to 3 mils)* A thinner menibrane will 



decrease response time and increase 
ensitivity but is less selective and 
^g^uptured'more easily. The 
chStce of mater ial-and its uniformity 
affeqts response time, selectivity and 
dui;ability. The area of the membrane 
and its permeability are directly 
related to the quantity of transported 
materials that may produce a signal. 
The permeability of the membrane 
material is related to temperature and 
to residues accummUlated on the 
membrane surface or interior. A 
cloudy membrane usually indicates 
deposition and more or less loss of 
signal. 

6 Test media characteristics control the 
interval of usable life between cleaning 
and rejuvenation for any type of 
electrode. More frequent cleanup is' 
essential in low quality waters than for 
high quality waters. Reduced suKur 
compounds are .among the more 
troublesome contaminants. Salinity 
affects the partial pressure, of oxygen 
at any given temperature. Tl4s effect 
is small compared to most oth\r 
variables but is significant if salinity 
changes by more than 500 mg/L. 

7 Agitatibn of the sample^in the vicinity" 
of the electrode is important because 
DO is reduced at the cathode. Under 
quiescent conditions a gradient iii 
duisolved oxygen conter^ would be 
^tablished on the sample side of the 
lembrane as well as on the electrode , 
^de, resulting in atypical response. 

sample should be agitated 
sufficiently to deliver a representative 
portion of the naain body of the liqidd 
tolhe outer face of the membraije. 
It^s commonly observed {hat no \ 
agitation will result in a very low or 
negigible response after a short period 
of time. ^Increasing agitation will cause 
the response td rise^ gradually until 
some minimum liquid velocity is reached 
that will not cause a further increase 
in rjssponse with increased mixing 
energy. It is important to check 
mixing velocity to reach a stable high 
signal that is independent of a reasonable 
change in sample mi:£ing. Excessive 
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mixing xn^iy create a. vortex and expose 
the sensing surface xo air rather than 
sample liquid. This should be avoided. 
A linear liquid velocity 'of aBout 30.5 cm/ sec 
(1 ft /sec) at the sensing surface iB usually ' 
adequate* 

8 DO sensor resgon^e represents a 
potential or current signal in the - 
miUi-volt or miUi-amp range in a 
high resistance system, A h igh •.quality ' 
electronic instrument is essential to 
maintain a usable signal-to-noi$e ratio. 
Some of the more common difficulties 
include:* 

a Variabte line voltage or low batteries 
in amplifier power circuits, ! — 

, b Substandard or imsteady amplifier 
or resistor components, % 

c Undependable contacts or junctions 
in the sensor, connecting cables, or 
instrument control circuits, 

d * Inadequately shielded electronic ' 
components, 

e Excessive exposure to moisture, 
fumes or chemicals in the wrbng 
places lead to stray currents,' ^ • 

H^internal shorts or other malfiimction, 

C Desirable Features in a Portable d|d 
Analyzer 

1 The imit should include steady st^te 
performance electronic and indicating 

" coiiiponents in a convenient but sturdy 
package that is small enough to carry, ' 

2 There should'be provisIBns for addition 
of special accessories such as bottle 
or field sensqrs, agitatOTS, recorders, 

' line extensions, if needed for spepific 
requirements^ Such additions should 
be readily attachable and detachable 
and maiiftain good working characteristics, * 

3 The instrumerit should* include a 

' sensitivity adjustment which upon 
^ calibration will provide for direct 
reading in terms of mg of DO/l. 



4 Temperatxire compensation and temp- 
erature readout should be incorporated. 

» ' • • • 

5 Plug in contacts should be positive, 

^ sturdy, readily cleanable and, situated 
to minimize contajpiination. Water 
seals should be provided where 
necessary. 

6 The sensor should be^ui&bly designed 
for the puVppse intended in tefms of 
sensitivity, response, stability, and 
protection during use. It should be * 
easy to clean, and reassemble for use 

"with a minimum.loss. of service tinle, 

^.7 Switches, connecting plugs, and con- 
tacts prefei*ably should be lc(cated on 
or in the instrument box rather than 
at the "wet" end of th6 line near the 
sensor. Connecting cables should be 
multiple strand to minimize separate 
lines.* Calibration controls should be 
convenient but designed so that it is 
not likely that they will be inadvertently 
shifted during use, • 

8 Agitator accessories for bottle use 
impose special problems because they 
should be small, self contained, ^and 
readily detachable but stur^dy .enOugh 

to give positive agitation and electrical 
continuity in a wet zone, 

9 Major load batteries should be 
rechargeable or readily replaceable. 
Line, operation should be feasible 
wherever possible, 

10 Service and replacement parts avail- 
ability are a primary consideration, 

\ Dravdngs, parts identification and 
\ trouble shooting memos should be ' 
^corporated with applicable operating 

*"ms{ructibns in^e instrument maniial 
in an informative organized form, 

D Sensor and Instrument Calibration 
♦ 

The instrument box is likely to have some 
form of check to verify electronics, 
battery or other power suppler conditions 
for -use. The sensor commonly is not 
included in this check. A known reference 
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under use conditi 
calibrate before 
test conditfons 
in conditions^ o: 



sample used wi^ the instrxunent in an 
operating mode is the beet available 
method to compeijtsate for sensor variables 
ns.^ It is advisable to 
d after daily use ipider 
levere. conditions, changes 
ossibie damage call for 
calibrations dilring the use period. The 
readout scale is likely to be labeled - 
calibration is the b^sis for this label. 

The following procedure is recoH^ended: 



Turn the instrument on and allow it to * 
reach a stable condition. Perform the 
recommended instrimient check as 
outlined in the operating manuaj. 

' • f 

The instrument check liiSually includes 

an electronic zero correction. Check 

each instriiment against the readout 

scale with the sensor immersed in an 

agitated solution of soditun sulfite 

containing sufficient cobalt chloride to 

catalyze the reaction of sulfite and 

oxygen. The indicator should stabilize 

on the zero reading. If it does not, it 

may be the result 'of residual or stray 

currents^, internal shoJrting in the 

electrode, or membrane rupture. 

Minor adjustments may be made using 

the indicator rather than the electronic 

controls. Serious imbalance requires 

electrode reconditioning if the electronic 

check is O.K. Sulfite must be carefully 

rinsed from the sensor mitil the readout 

stabilizes to prevent carry over to the 

next -sample. 

'Fill two DO bottles with replicate 
Samples of clarified water siijailax^icL^' 

t to be tested. This water should 
pt contain significant -test interferences. 

Determine the DO in one by the azide 
modification of the iodomjetric titration. 

Insei*t a magnetic stirrer in the other 
bottle or use a prot^e agitator. Start 
agitation after insertion of the sensor 
assembly and note the point of 
stabilization. ^ 



a Adjust the instrument calibration 
contir-ol if necessary to compare 
with the titrated DO. / 

b If sensitivity adjustaient is not 
possible, note the instrtin^nt 
stabilization point and deBgnate 
it as ua. A sensitivity coefficient, 

□.a /" 
<() is equal to where DO is thfi 

titrated value for the sample on 
wliich ua was obtained. An unknown 

DO then becomes DO = ^ . This. 

factor is applicable as long as the 
sensitivity does not change. 

Objectives of the test*prdgram and the 
type of instrtmient influence calibration 
requirements. Precise work may 
require csQibration at 3 points in the 
^DO range of interest instead. of at zero 
and high range DO. One calibration 
point frequently may be adequate. 

Calibration of a DO^ensor in air is a 
quick test for possible changes ii} 
sensor response. The difference' in 
oxygen content of air and of water is 
too l&rge for air calibration to be 
satisfactory for precise calibration 
for use in water. 



IV This section revieWs characteristics of 
several sample laboWtory-lnstruments.' 
Mentiolfciof a Specific instrument does not 
imply USEPA endorsement or recommendation. 
No attempj has been made to include all the 
availa^ble instruments; those described are 
used to indicate the approach used at one 
stage of development which may or niay not 
represent the current available model. 

A The electrode described by Car r it and 
Kanwishei? (1) is illustrated in Figur6 3. . 
This electrode was an early example of 
those using a membrane. The anode was 
a^ silver - silver oxide reference cell with 
a platinum disc cathode (1-3 cm diaAieter). 
The s^lt bridge consisted of N/2 KCl and 
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KOH, The polyetljylene membrane was 
held in place by a retaitdng^flng. An I 
applied current wa&.used in a polarographic 
mode*. Tenripei^ture effects were relatively 
large. Thermistor correction was studied 
. but not integrated with early models. 
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Jf I Sllver»Rlnf 
CpUttnumOUk ^—Electrolyte La/er . r 

Figure 3 



B The Beckman oxygen electrode is another 
ijuustratien-of ajDolarographic DO sensor * 
(Figure 4), It coniisl§~~ofi~gold cathode, 
a silvej:* anode, an electrolytic gel con- 
taining KCl, covered by a teflon membrane. 
The instrument has a temperature readout 
and compensating thermistor, a source* ? 
polarizing current, amplifier with signal 
adjustment and a readout DO scale with 
recorder contacts. 



SENSM 



'ELECTRONJCS 



Mitll 




COtO CAtNOOt 



Figure 4, THE BECKMAN *6xYGEN 
SENSOR 



ERIC> 



The YSI Model 51 (3) is illustrated in 
Figure 5. This is another form of 
polarographic DO analyzer. The cell 
consists of a silver anode coil, a gold 
ring cathode and a KCl electrolyte with 
a teflon membrane. The instrument has 
a sensitivity adjustment, temperature and 
DO readout. The model 51 A has temp- 
erature compensation via manual preset 
dial. A field probe and bottle prolse are 
available. 

YS1^od«l 51 DO S«nsor 



i 




Cathod* Ring 



Figure 5 



D The Model 54 YSI DO analyzer (4). is based 
upon the same electrode configuration but 
modified to include automatic temperature 
compeniJation; DO readout, and recorder 
jacks, A motprized agitator bottle probe 
is available for the Model 54 (Figtt^'e 6). 
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The Galvanic Cell Oxygen Analyzer (7,8) 
employs an indicator for proportional DO 
signal but does not include thermistor 
(5Dmpensatio» or signal adjustment, 
^emperature readout is provided. The 
sensor includes a lead anode ring, and 
a silver cathode with KOH electrolyte 0 
(4 molar) covered by .a^ membrane film 
(Figure 7), 

Pr«<isUn Oolvanic C«ll Oxygen Prob,* 



Connector L«ads 



ThormUtor CobJ* 
Rotoin«r 



Silvor Cothodo 



PotyothyUno M«mbron« 




Top«r«d Section 
to Fit iOD iottUs 



Plastic M«mbran« 
9 

Lood Anod« Ring 



The Weston and Stack Model 300 DO 
Analyzer (8) has a galvanic type sensor 
With a pulsed current amplifier adjustment 
to provide for signal ^nd temperature 
compensation* DO and temperature 
readout is provided. The main power 
* supply is a rechargeable battery. The 
sensor (Figure 8) consists of a lead anode 
coP recessed in the electrolyte cavity 
(50% KI) with a platinum cathode in the tip. 
The sensor is covered witK a teflon mem- 
braiijp. Membrane retention by rubber 
band or by a plastic i:*etentiofi ring may be 
used for the bottle agitator or depth 
sampler ^respectively. The thermistor 
and agitator are mounted in a sleeve that 
also provides protection for the menibrane. 



The EIL Model 15 A sensor is illustrated 
in Figure d^^his is a galvanic cell with 
thermistor activated temperature com- 
pensation and ^j^eadout. Signal adjustment ^ 
is provided. The illustration shows an 
expanded scheme of the electrode which 
when assembled compresses into a sensor 
approximating 1. 59 cm diameter and idl. 2 cm, 
length eicclusive'of the enlargement at the 
upper end. The anode consists of com- « 
pressed lead shot in a replaceable capsule 
(later models used fine lead wire coils), 
a perforated silver cathode sleeve around 
the lead is covferedby a membrane film. 
The-electrolyte is saturated potassium 
bicarbonate. The large area of lead 
surface, silver and membrane provides 
a current response of 200 to 300 micro- 
amperes in oxygen saturated water at 
20OC for periods 04 up to 100 days use (8). 
The larger electrpcle displacement favors 
a scheme descrihjed by Eden (9) for 
successive DO reiadings, for BOD purposes. 



•I 



V Table 1 ♦summarizes major characteristics 
of the sample DO-analyzers described in 
Section IV. ^It n^ust be noted that an ingenious 
analyst may adapt any one of these for special 
purposes on a do-it-yourself program. The 
sample instruments are mainly designed for 
laboratory or portable field use. Those 
designed for field monitoring purposes may • 
include similar designs or alternate designs 
generally employing larger anode,, cathode, 
and electrolyte capacity to approach better 
response stability with sdme sacrifice in 
response time and sensitivity » The electronic 
controls, recording, telemetering, and 
accessary apparatus generally are semi- * 
peftnanent installations of a complex nature. 
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WESTON & STAQK 
DO PROBE ' 



(T)— ?- CORD 

(2) COrtD RESTRAINER 

(3) — : SERVICE CAP . 

(4) : — PROBF. SERV4CE CAP 
^) ELECTROLYTE FILL SCREW 

(6) -7 PROBE BODY \ 

(7) PLATINU.M CATHODE 

@ CONNECTOR PINS 

@ — PIN HOUSING 
Cdh- L&Ap ANOOS . - 




(TT) REMOVABLE PRQBE SHIELD 

^ AND THERMISTOR HOUSING 



Figure 8 
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Cennaction 



CabU Sapling 
Nut 

A 15017 



Co v.«r " 
A15016A 



Leod Anode 
Co mplet e 
(A15024A) 



Cable 




I r-7 ^ 

Jr Mewbrqn e— jSe curin 

•O' Ring rr.c 



^R385 



R317 




M em brqne^^cu ri ng 
•O'^bg-^ 
~R317 



Sii^r^dthode 

AisbTaA 



Fillelr^Screw 



Contact 

A -150140 
O^ith Sleeve S24) 




A nod a 

Contact 
IHofdir 
AISdISA 



' O' Rin g 
R622 



Note: Red wire of cable connects to Anode Contact Holder 
Black wire of cable connects to Arfode Contact 
Membrane not shown E. I. L. part number T22 



End Cap 
AISOIIA 
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12V 
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CHARA.CTERISTICS OF VARIC50S LABORATORY DO INSTRUMENTS ^, 



Anode 



DO Temp. ' ' ^ . - 
; — ^ Sig. Comp . • ^cfdessorxes for 

Cathode " Elec . Type-'Meipbr Adj. ,Temp. Rdg.. which Hesigned 



C^rrit & . 
KaifWisher 



silver- Pt . -KCl 
silver ox» disc, KOH 
ring N/2 



pol* polyeth ^no 



i^o I , Recording temp. 

' & signal adj.* self 
assembled 



Be cknian 



Aq 
ring 



Au 
disc 



'^KCl^ 
gel 



pol teflon- yes 



yes 
y^s 



recording 



Yellow Springs Ag • 
51 coil 



'Au - KCl 
ring * soln 
sat. 



pol teflon yes no* 
s ^ * yes 



field and bottle 
pi^obe 



^'^Yellow Springs 
54 ■ 



yes 




ecording field 
ottle & agitator 
robes ' ^ 



Rrecision Pb silver KOH galv*'*polyeth no no 
Sc'i * [ ring disc 4N ^ ^ - yes 



> Weston & 
. Stack . 



Pb 
coil 



disc 



KI 
40% 



galv teflon ,yes 



yes 



agit, ^robe 
, depth sampler ^* 



EIL 



Pb 



Ag 



KHCO3' galv 



teflon yes 



yes 
yes 



recording 



Delta 
75 



Lead 



Silver 
disc 



KOH 
IN 



galv teflon yes 



^es 
no 



7ield bottle & 
agitator probe 



Delta 
85 



Lead 



Silver 
disc 



KOH 
IN^ 



^Iv teflon yes 



yes field bottle & 
yes agitator probe 



*Pol - Polarographic (jor amperometric) 
**Galv - Galvanic (or voltametric) c 
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LABORATORY PROCEDURE FOR DISSOLVED OXYGEN 
Winkler Method-Azide Modification 



I APPLICABILITY 



The azide modification is used for 
most waste>yaters and streams , 
whl6h contain nitrate nitrogen 
'and not more than 1 mg of ferrous 
iron/L* Ifl'mL 40% KF solution is 
added before-acidifying the sample and 
there is no delay in titration, the method 
is also applicable in the presence of 
100-20Q mg ferric irop/L./ ' 



B* Reducing and oxidizing materials 

' should be absent. * * ^ / 

C Other materials which interfere with 
the azide modification are; sulfite,. 

. thfos.ulfate, Appreciable' quantities of 
free chlorine or hypochlorite, high 
^suspended solids> organic substances 
i;eadily oxidiked in a l^ghly alkaline 
medium, organic substancAs Veadily * 
oxidized'by iodine in an acid medium, 
untreated domestic sewage, biological 
floes, and color which may interfere ' 
Vith endpoint detection. A diBsolved 
oxygen meter should be used when . . 
these materials are present in the 
sample. 



II REAGENTS 

EJistilled water is to be used for the 
preparation of all solutions, 

A Manganous Sulfate Solution 

Dissolve 480 g MnSO/ 4H^O (or 400 g * 
MnSO •2H 0» or 36^g m8sO •H O) in . 
watered flUute to 1 liter. , 



D Starch Solution,- 

Prepare an emulsion of 10 g of soluble 

starch in a mortar or beaker with a 

small quantity of water. Pour this 

emulsion into.f liter of boiling water, 

allow to boil a few minutes, and let 

settle overnight. Use the clear supernate. 

This solution may be preserved bv the 
addition of 5 mL per liter of chloroform 

■ and storage 'in a refrigerator, at 10**C. 

E- Sodium Thlosulfate Stock Solution 0. 75 N 

Dissolve 186^ 15 g Na^S 0^*5H20 in boiled 
and cooled water and dilute to 1 liter. 
Preserve by adding 5 mL chloroform, 

F Sodium Thlosulfate Standard Titrant 0. 037 5N 

Dijjlute 50, 0 fiit of stock solution to I Uter^ 
Preserve by adding 5 mL. 6f chloroform. 

G Potassium B£iodate**Soiutl6n 0, 0375N , 

Dry about 5 g of KH (103)2 at IO30C for 
two hours and cool In a desiccator. 
Dli|Bolve 4. 873 g of the solid In water and 
dilute to 1 liter. Dilute 250 n>L 'of this 
solution to 1 liter. 

H Sxilfurlc Acid Solution 10% 

Add 10 mL of conV sulfuric acid to 90. mL 
of water. Mix thoroughly and cool, 

I Potassiifm Iodide Crystals 



B Alkallne-Iodlde-Azlde Solution 

Dlssolve'500 g sodium hydroxide (or 
700 g potassium Jivdroxide) and 135 g 
sodium Iodide (orlSO g pdtasslum Iodide) 
in water and dilute to. 1 'liter,. To thia 
* solution add 10 g of sodium azide 
dissolved in 40 mL water. 

Q SiUfiiric Acid,, Cone. 

« The .strength of this acid is 36 N. 



ni . STANDARDIZATION OF THE TITRANT 

A Dissolve 1-3 g of potassium Iodide hf 
ip 0-150 mL of water. 

•B 'Add 10 mL of 10% sulfuric acl^i and mix. 

C Hpet In 20 nlL of the 0. 0375N potassium • 
bllodate and xnlx. -Place in the darTc for 
'5 minutes. « . . - 



D Tltrete with the 0. 0375N sodium) 
thiosiilfate standard titrent to thie 
appearance of 4 pale yellow color. 
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'Laboratory Procedure for Dissolvecf Oxygen 



Mix the splutipn thoroughly during the 
titration. 



E Add l-%2 mL of starch solution and mix. 
The solution is now blue in color. 
« 

F Continue the^ addition of the titrant, 
with thorough mixing, until the ^ 
solutioh turns colorless. 

G Record the mL of titrant used. 

L 

H Calculate *the N of the sodium 

thiosulfate standard titrant. It will be ^ 
approximately 0.0375. 



N = (mL x*N) of the biiodate- 



mL of titrant 
= ^20.0 X O.OSTS' 



= 0.75 



mE of^titrgLOt 



mL of titrant 



8 Stoppei* the bottle without causing 
' formation of an ^air bubble. 

'9 Rinse under running water. 

10 Mix by inverting several times to 
dissolve the precipitate. 

, 11- Pour contents of bottle into a wide- 
mouth 500 mL Erlenineyer flasks 

B TITRATION 

1 Titrate with 0. 0375N thiosulfate to a 
pale yellow color. < 



2 



Add 1-2 mL starch solution and mi^. 



IV PROCftouRE * a . ^ . 

A Addition of Reagents . 

1 Manganous sulfate and alkaline nf 
^ • /ip^td^-azide 

* <f » 

-* • To a fuU BOIXbottle (300 mL + 3 mLO* 
add 2 mL manganous sulfate solution 
and 2 mL alkaline-iodide azidejr exigent 
with the tip of each pipette below the ^ 
surface of the liquid. " " :^ * 

^ ~ • • 

2 Stopper the bottle withdut causing \ * / 
formation of an air bubble. * 

3 Rii\se tinder running water. 

4 , Mix well by inverting 4-5 times. . ^ 

5 Allow the precipitate to i^eftle until 
there is clear liquid above the floe. 

6 Repeat the inver^g^d allow^to settle 
• ' ^uitii' about 200*fiiLro? clear liquid has 



formed above the floe. 



3 Continue, the addition of the titrsuit, 
. " ^ with thorough mixing, until the 

^ solution turns colorless. * 

4 Record the ml of titrant us^d. 
C CALCULATION 

mg DO/ L = mL tjtrant x N titrant x 8 x 1000 

mL sample 

If the N of the' titrant exactly = 0. 0375, " 

mg DO/L = mL titrant x 0. 0375' x 8 x 1000 

^^"300 \ ' 

• = mL titrant x 1^^ 
= jmL titrant 



; REFERENCE ' . * 

Mettiods for ChemidaTAoalysis of .Water 
& Wastes> U.S. Envifonmenbd Protection 

. Agency, Environmental Monltorihg & 
Support LaboralBory» JClaclnnatl> Ohio 45268, 1974 
This outline ^as prepared by C.JR. Feldmahn, 
Chemist, National Training and Operational 

--Technology Center, QWPO, USEPA, v 
CindLnnati, Ohio 4.5268 ' . ' 

Descriptors: Analytical Techniques, 
Chemical Analysis, Dissolyed Oxygen, 
Laboratory Tests, Oxygen, Water Analysis 



7 Add 2 33aI^4:onc. Sulfuric acid with the 
. . the tip of the pipett€^ above the* surface of 
. the liquid., ^ ^ 



Labopatary Procedure for Dissblved Oxygen 



cDAm SHEET 
t 



mL bf^tltrant 
N of titrant = 



'mL of sample = 



mg DO/L = mL titrant x N titrant x 8 x 1000 

piL samf>le 



X 8 X 1000 . ^ 
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DISSOLVED OXYGEN 
"Factors Affecting DO Concentration' in Water 



A 



I Tl>e Dissolved Oscygen determination is 
a v^:y important water quality criteria for 
niany reasons: " - 



A Ojiygen is an essential nutrient for all 
♦living organisms. Dis*solved oxygen is^ 
essjBrii|.ar for survival of aerobic ' \ 
organisms and permits^facultative 
organisms to metabolize more effectively. 
Many\ desirable varieties of macro or 
micw organisms cannot. survive at 
dissolved oxygen concentrations below 
certaiii minimum values. These ^^lues 
viiry with the type of oi^ganisms, stage 
in their life history, activity, and other^ 
factors. 

B Dissolved oxygen levels nrn^ be used as 
an indicator of pollution by^^oxygen 
demanding wastes. Low DO concen- 
trations are; likely ^o be associated with 
• low quality y/s^ters. 

*' 'V' ■ - 

C The presence of dissolved oxygen 
prevents or minimizes the onset of 
putrefactive decomposition and the 

prbducti<£^'of objectionable amounts of 

malodorous sulfides, mercaptans, 
amines,- etc. \ 

1 - ' 
L'ssolved pxy^en is ^sentisQ fop 

t^minal stabilization wastewaters. 

High DO concentrations are normally 

associated with ^ood quality water. 

«\ . ^ \ 

E^' DtsspWed oxygen changes with respect 
to tinie\ jdepth or isection of a water 
mass are useful t6 indicate the degree^ 
of stability or-m^dng characteristics 

- of that situation. : ' 



.The BOP Qr other irespiromfetric* test 
methods for ' Water quality are commonly 
based upon the difference between an. 
initial and final DO determination for a' 
Tfiveh'samjae time^ interval and con- 
diticai. These measiJpements are 
useful to ^ndicat^: 



1 The rate of biochemical activity irf 
^ terms of oxygen demand-for a 
\. given sample and conditions. 
* , *. 

. 2 The degree of acceptability - 
A. (a bioassay technique) f6r bio- 

chemical stabilization dfa given* 
microbiota in response to food, 
inhibitory agents or test conditions 

3 The degree of instability of a 
water mass on the basis of test 
sample, DO changes over an 
extended interval if time 

4 Permissible load variations in 
surfa<5e water or treatni^nt units 
.interms^ of DO depletion versus 

/ time, concentration, Croatia of ' 

foodHo organism mass, soli*ds, or 
' volume ratios. * i 

5 Oxygenation requirements ^ 
nec'essary to pieet the oxygen ^ 
demand in treatment units or ,, 
surface water situations. 

G Minimum- allowable DO concen^ations are 
specified in* all \^ter Qualify standards. 



n FACTORS AFFECTING THE DO 
CONCENTRATION IN WAT]^ 

A Physical Factors: 

1 DO solubility In water for an 
alr/wat%r system is limited to ' 
about 9 mg DO/liter of water at 
20^C. This amounts to about 
0. 0009^0 as cfompare^ to 21%* by 
welghl of oxygen In fclr. 
* • . 

2. Transfer of oxygen from air to " 
water is limited by the interface 
, area, the oxygen deficit, partial 
, pressure, the concfitions at the 
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interface area, mixing p: 
and other items. 




omena 




Certain factors tend to confuse 
reoxygenation mechanisms of 
water aeration: 

a The transfer^ of oxygen in air 

to dissolved molecular oxygen 
. in water has two "principal 
variables: 

1) Area of the Mr-wat«r 
interface: 

2 ) Dispersion of the oxygen- 
saturated water at the 
interface into* the body liquid. 



The first, depends upon the surface 
area of the^^air bubbles in the water 
or water drops in^the aii:; the 
second depjsnds upbn4he mixing 
energy in the liquid. Il^ffusors 
are placed in a line along the wall,, 
dead spots may develop in' the co#e. 
Different diffusor placement or 
mixing energy may improve oxygen 
transfer to the liquid two or threefold, 

b Other variables in oxygen transfer 
' include: 

3) Oxygen deficit in the liquid. 

4) Oxygen content of the gas, phase. 
,5) Time.' 

If the first four variables are 
f£^vorable, the process of water 
oxygenation is rapid until the liquid 
approaches sattiration^. Much more 
energy and time are requiried to 
increase oxygen saturati6n from ^ 
about 95 tQ 100%' than, to Increase 
oxygen saturation from 0 to about 



95%. For example: An oxygen- 
depleted sample often will pick up 
significant DO during" DO' testing; 
changes are unlikely with^^a sample 
containing equilibrium amounts 
of DO. 

The limited solubility of oxygen 
in* water compared to the oxygen 
content of air does not require 
the ,interchange of a large mass of 
oxygeryper unit volume of water 
to cha/ng6 DO saturation. DO . 

reases from zero to 50% 
saturation are common in passage 
over a weir. 

Aeration'of dirty water is practiced 
for cleanup. Aeration of clean 
water results in washing the air and 
transferring fine particulate^ and 
gaseous contaminants to the liquid. 

One liter of air at room texnper^iture 

contains about 230 mg of oxygen* An 
18. 9L carboy of water with 2 liters 

of gas space above the liquid has P 
^mple oxygen supply for equilibration 
of DO after storage' for 2 or 3 days 
" or shaking for 30 sec. 

Aeration tends to'ward evaporative 
cooling l^ <55cy gen content becomes 
higher than saturation values at 
the test temperature, thus 
contributing to high blanks. 



Oxygen solubility varies \vitj^ tli 
temperature ojE^'the water. 
Solubility at ib^^C is Q}iqut/vro[^ 
times that at 30© C. Temper^re' 
often contributes to DO variations 
m,uch greater than anticipated by ' 



Dissolved Oxygen 



< 



solubility. A cold water often has 
much more DO than the solubility 
limits at laboratory temperature. 
Standing during warmup commonly ** 
results in a loss of DO due to 
oxygen diffusion from the super- 
saturated sample. Samples • 
warmer than laboratory tempera- * 
ture may decrease in volume due 
to the contraction of liquid as 
temperature is lowered, \ The full 
bottle at higher temperature will 
be partially fuU^fter shrinkage 
with air entrance .around the stopper 
to replace the void. Oxygen in the 
air may be transferred to xaise the 
sample DO, . For example, a 
volumetric flask filled to the 1000 mL 
mark at 300C will show a water 
level about 1.27 cm below the mark 
when the water temperature is 
reduced to 20oC, BOD dilutions 
should be'adjusted to 20oc + or - 
1 1/20 before filling and testing. 

Water density varies with tem*- 
pe^ature with iiiaximum water 
density at 4oC; Colder or wa^rmer 
waters tend to promote, stratification 
of water that interferes with 
distribution of DO because the 
higher density waters tend to seek 
the lower levels. 

Oxygen diffusion in-^a water mass is 
relatively slow, hence vertical and 
lateral mixing are essential to ' 
maintain relativeljr uniform oxygen 
concentrations in a water mass. 

Increasing salt concentration 
decreases oxygen solubility - ' 

slightly but has a larger effect 
,upon*density stratification in a 
water mass. 

The partial pressure of the oxygen 
in the gas above the water interface 
controls the oxygen solubility 
limits in the water. For example, 
the equilibrium concentration of 
oxygen in water is abdjat 9 mg tOll 
under one atmospheric pressure of 



B Bioio^cal 9r Bio-Chemical Factors 

1 Aquatic life requires oxygen for 
respiration to meet energN 
requirements for growth, repro- 
duction, and motion,' The net'^ 
effect^ is to deplete bxygen resources 
in^the water at a rate controlled • 
by the type, activity, and mass of 
living materials present, the 
avadlability of food and favor- 
ability of conditions, 

2 Algae, autotrophic bacteria, plants 
or other organisms capable of • 
photosynthesis may use light 
energy to synthesize cell materials - 
frbip mineralized nutrients with » 
oxygen released jLn process, 

a , Photosynthesis occurs ortly 
* under the influence of adequate 
light intensity. 

b Respiration of alga is * 
' continuous, 

c The dominant effect in terms 
of oxygen assets or 
liabilities of alga depends upon* 
algal activity, numbers and 
light intensity. Gross algal 
p^roductivity .contributes to 
significant diurnal DO 
variations, 

3 Higjirate deoxygenation commonly 
actionipftt^s assimilation of 
readily avalteWe^utrients and 
conversion into eeHrtttwa^or 
storage products,, Deoxygeifetion 
due to cell mass respiration 
commonly occurs at some lower 
rate dependent upon the nature of 

^ * the organisms present, the stage 
,of decomposition and the degree 
. of predation, 'lysis, mining and. 
" regroWth, Relatively high 
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» deoxygenation rates commonly are 
associated with significant growth 
or regrowth of organisms. 

Micro-organisms tend to flocculate ^ 
or agglomerate to fqrm settleable 
masses particularly at limiting 
nutrient' levels (after'available 
nutrients have been assimilated or 
the number of organisms are large 
in proportion to available food). 

a Resulting benthic deposits 
continue to respire as bed 

b Oxygen'availability is limited 

* because the deposit is physically 
removed from the source of 
surface oxygenation and algal 
activity usually is more^ 
favorable near the surface. 
Stratification is likely to limit 
oxygeti transfer to. the bed load 
vicinity*^ • - 

» « 

c ' The bed load commonly is 

oxygen deficient and decomposes 
by anaerobic action, 

d Anaerobic action commonly is 
* characterized by a dominant^ 
. hydrolytic or solubilizing action 
with relatively low rate growth 
of organisms. 

e . The net effect is to produce low 

* molecular wei^t products 
from cell m*ass with a -corre- 
spondingly large fraction of 
feedback of nutrients to the 
overlaying waters. These 
lysis products have the.eftecj 
of a-high rate or immediate^ 
oxygen demand upon niixture 
with .oxygen containing waters. 

« >" 
f Turbulencfe favoring, mixing, of ^ 
surface waters and benthic 
sediments commonly are 
associated 'With extremely 
* rapid depletion of JX). 



Recurrent r,esuspension of 
thin benthic deposits may 
contribute to highly errart*c 
DO patterns. 

g Long term deposition areas 
commonly act like point 
sources of new pollution as 
* , a result of the feedback of 
nutrients from the deposit. 
Rate of reaction may be low 
for old materials but a low ^ 
percentage of a large mass of 
unstable material may produce 
excessive oxygen demands. 

C Tremendous DO variations are likely 
in a polluted water in reference to 
depth, cross section. or time of day. 
More stabilized ws^^fers tend to show 
decreased DO variations although it is 
likely that natural deposits such as leaf 
mold will produce differences related 
to depth in stratified deep waters, ^ 
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BIOCHEMICAL OXYGEN DEMAND TEST PROCEDURES 



I OXYGEN DEMAND OF POLLUTED 
WATERS 



Established practice includes coiraion use * 
of the BOD test as a tool for estimation of 
the bio'-oxidizable fraction of surface waters 
or wastewaters discharged Jo them. Any 
index 'including a quantity per unit time such - 
as the BODg is a rate expression. The 
ultimate 'demand is more important than any ; 
one point on the progression. The results " 
of a bottle test with minimum seeding and 
quiescent storage are not likely to be as 
high as those on the same influent in a mix- 
, ing situatioaand abundant seed of secondary " 
treatment or receiving waters, .The BOD. 
is"a" fraction of total oxygen requirements. 

A The' particular technique used for BOD ] 
commonly is spepified by State agencies 
and/or supervisors. They are required , 
to interpret the results as obtained by- 
laboratory testing. It is essential that 
the tester and the interpreters have a 
common, imderstanding of what was done 
arid how. It is highly advisable to main- 
tain V given routine until all concerne'd ^» 
agreeNjpon a change, 

3?, Each particular routine has many un- ' 
definable factors. The particular 
routine is not as important as the con- 
sistency and capability with which the 
result was obtained. 

* (1) 
2 This outline and Standard Methods * 

' discusses several valid approaches for 

obtaining BOD results. Selection of 1 

"method" is npt intended in this outline 

or in the EPA Methods Manual^^^ 

B The common 5-day ijicubation period for 
BOD testing is a result of tradition and 
cost. Initial lags are likely to be over 
and^soQie unknown fraction of the total 
oxidizable mass has been satisfied after ^ 
5 days, 

C A' series of observations over a^ period of 
' time makes it possible to estimate the 
total oxidizable mass and the fraction 
oxidized or remaining to be oxidized at 
any given time. The problem is to define 



the shape of the de oxygenation pattern and 
its-Mmits. A fair estimate of the shape of 
the deoxygenation pigtern is available by 
observations at 1, 2, or 3 days, 7 days 
and 14 days. Increased observations^ are 
desirable for more valid estimates of 
curve shape, rate of oxidation and total - 
oxidizable mass or ultimate BOD. 

Increasing impoundment of surface waters 
and concurrent increases in complexity 
and stability of wastewater components 
emphasize' the importance of long-term 
observation' of^ BOD. The 5-day observation 
includey^most* of the readily oxidizable 
/materials but a very small fraction of the 
^st^ile-<lomponents that are the main factors 
,in impoundment behavior. 



n DIRECT METHOD 

A With relatively clean surface, waters, the 
BOD may be determined by incubation of 
the undiluted sample for the prescribed 
time interval. This method is applicable 
•only to those waters whose BOD is less 
than 8 mg/L and assumes the sample 
contairls suitable organishis and accessory 
nutrients for optimum biological 
stabilization. 

B Treated Affluents, polluted surface waters, 
household and industrial wastewaters 
commonly require dilution to provide the 
^ excess oxygen required for the oxygen 
demand determination. General guidelines^ 
for dilution requirements for a given BOD 
range in terms of the percent of sample in 
BOD dilution water are: 

For a 5-day BOD of 

5-20 mg/L, use 25 to 100% sample , 

For a BOD of , ' 
20-100 mg/L, use 5 to 25% sample 

For ^ BOD of 

100-500 mg/L use 1 to 5% sample 

For a BOD of 
r 500-5000 mg/L, use 0.1 to 1. 0% sample 



m PROCEDURES ' 

^ A Cylinder Dilution Technique 



CH#O,b0d. 57g, 2. 81 
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Biochemical Oxygen Demand Test Procedures 



1 Using an assumed or estimated BOD 
value as a guide, calculate the factors 
for a-*ange of dilutions to cover the 
desix;ed depletions. Those dilutions 

. 'rangiiig from a depletion of 2 mg/L 
and a residual of 1 mg/L are most 
reliable. At least three .dilutions in 
, duplicate should be used for an 
unimown sample. 

Jl Intb a one-liter' graduate cylinder (ox 
larger container if necessary) measure 
accurately the required amount of mixed 
sample to ^ve one liter of diluted waste. 
Fill to the on^ liter mark with dilution 
water ,,Carefully mix? 'The initial DO by 
calculation includes IDOD (VIII)" a • 
: determined initial does not. Both are 
essential to estimate significance of 
IDOD. Entrapment of air bubbles. during 
manipulation must be avoided. 

3 Siphon the mixture from the cylinder into 
three 300 ml glass stoppered bottles, 
filling the bottles to overflowing. 

. 4 Determine the DO concentration^on one 
o • of the bottles by the appropriate^S^ 
Winkler modification and recQrd as 
"IhiUalDO". \/ * 

5 Incubate the two remaining bottles at 
20°C in complete darkness. The 
incubated bottle^ should be water-sealed 
by iinmersion in a tray or by using a 
special water-seal bottle. * 

6 After 5 days of incubation, or other 
desired i^iterval, determine the DO on 
the bottles. Average the DO concentration 
of the duplicates and report as "Final DO'\ ^ 

B Direct Dilution Technique ^ ' 

1 It may be more convenient to m^ke the 
dilution directly in sample bottles of 
known capacity. A measured volume of 
sample may be added (as indicated in 

A-1) above, and the bottle filled with dilutioh 
water to make the jiesired sample 
concentration for incubation. In this 
case, the sample must be precisely 
meaisured, the bottle carefully filled, 
but not overfilled, and the bottle volumes 
.comparable and known. ^ Precision is^ 
likely to be poorer than for cylinder 
dilution. * . ' 

/""^ 

2 Continue- the procedure as in A-4, 5, 
and 8 abovfr. ' ' 



C Seeded .dylTnder Dilution Technique 

\* 

1 Many wastewaters may be partially or 
, comjiljetely sterile as a result of 
chlorination, effects of other toxic 
chemicals, heat, unfavorable pH or 
oth^r factors detrimental to biological 
activity, yalidity of the BOD result 
depends upon the presenpe of organisms 
capable of prompt and effective bio- 
'de^adatlon and favorable conditions 
^during the particular test. Correction 
of cause resulting in sterilization 
• must be corrected.by adjustment', ■ 

' dilution, eto. , prior to reinbculation to 
"^^Lchieve meaningful BOI> data. "Receiving 
,^water, biologically treated effluents, and 
soil suspensions are a good source of 
organisms likely to be adapted for ^ 
stabilization of wastew;^ters. Uhtreated 
wastewaters provide numerous organisms' 
but are likely to contain nutrients 
contributing to excessive seed corrections 
^ and may require appreciable time for 
adaptation before test waste oxidation 
bedomes significant.* 



The amount of added inocul^nt must be 
' determined by trial. The concentration ^ 
added should initiate biochemical 
activity promptly but should not exfert 
enougfc oxygen demand to unduly reduce 
the oxygen available for. sample 
' requirements., ' 



3 Estimate the sample concentration 
desired in^ accordance w;th A-1 and ^ 
C-2 above and add the Saniple aliquot to the 
dilution cylinder. . 

4 Add approximately half of the retjuired 
amount of dilution water to the sample 
and mix. This is necessary to assure 
that the concentrated waste does not 
exert a toxic effect on the seed organisms. 

5 Measure a suitable aliquot of seed^into 
the bottle or cylinder and fill with' 
dilution water. Mix the combined sample, ' 
seed and dilution water without excessive 
air entrainment. • 

6 Continue as in'm-A steps 4, 5, and 6 above. 



IV INTERPRETATION OF RESULTS 

Standard Methods^^^ includes-a calculation- 
section that is valid and concise • Preceding 
^ it are details* of reagent preparation affid^ 
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precedes for the test. These will not be 

.reprinted here. This section considers 

certain items that may cause concern about 

the validity of results unless they are care* 

fully cOTsidered and controlled. 
« 

A The initial DO of the BOD test obviously 
• should be high. The method of attaining 
• a high DO can trap the anal;^t. 

1 Aeration of dilution water is the^most 
commonly considered treatment. 
This technique does produce a high DO 
but it is a treacherous ally* , 

a Dirty air passing through cleaij 
dilution water can.produce clean 
air and dfrty Water, This is a 
simple air--washing operation. 
' Filtering^the entering air stream 
may remove bj^ickbats &nd 2 x 4's, 
but filters tfend to pass organic 
gases, fine aerosols, and partic- 
ulates, o . : ' / 

b A stream of air passing through^ 
water tends to cool the water 'by 
evaporation 1 to 3 C below ambient 
temperature. TJie cooled liquid 
picks up more DO than it can hold 
at ambient temperature. The 
, physical' loss of oxygen may produce 
an erroneously high dep\etionr value 
for a determined initial DO, or a-^ 
low depletion or^^^r^lculated 
initial DO. Btroneous blanks are 
a particular concerti. The dilution 
water temperature/DO shift is 
critical, ' ' 

2 ' Raising' DO by allowing the sample to 

equilibrate in a cotton-plugged 4)ottle 
for 2 ot 3 *days permits oxygenation 
with minimum air volume contact, 

3 Shaking a partially filled bottle for a 
few seconds^so oxygenates with min- 
imum opportunity of gas washing con- 
tamination, supersaturation, or 
temperature changes. 

B Seeding always is a precarious procedure 
but a very necessary one at times. Often 
the application of seed corrections is a 



if you do. 



if ypu don't* 



'situation. Hopefully, seed corrections 
are small because each individual 
biological situation is a, "universe'* of 
its own. 



.1 



Unstable seeding materials such as 
fresh wastewater have *^seed" organisms 
characteristic of their origin and • y 
history. Saprophytes resulting in 
surface water stabilizatipn may be a 
small fraction of the population. Re-- 
actable oxygen- demanding components 
produce excessive demands upon test 
•oxygen resources^ 

A seed containing viable^ organisms at 
a lower energy $tate because of limited 
nutritional availability theoretically is 
the best available seec^ source. An 
onanism population grown under 
similar conditions should be most 
effe^ctive for initiating biochemical 
activity as soon as^the nutrient situation, 
favors more activity. The population 
should not be stored too long because 
organism redistribution and die-out 
become limiting. This type of seed 
would most likely be found in a surface 
, water or a treatment plant effluent 
with a history of receiving the particular 
mate rial, under consideration. 

Seed sources and amounts can only be 
evaluated by trial. Different- sj^ed ^ 
sources and locations require checkout 
to determine the best available material 
from a standpoint of rapid initiation of 
activity,' low corre,ction, and predictable 
high oxygen depletion xinder test. ^ 



Chlorination and BOD results fundamentally 
are^ incompatible. Chlorination objectives 
include disixifection as the number one 
goal. . Chlorine 4s, notoriously non-specific 
in organism effects; Chlprine acts like . 
an oxidant in the DO determination. Test 
organisms are les's suitable for activity 
than they yere before chlorination. 
Nutrients may be less available after 
chlorination* Certainly the . conditions are 
less suitable for biological response sifter 
chlorination. Dechlorination is feasible 
with l^espect to the oxidizing power of " 
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chlorine, but many organic chlorine com-' 
poimds that do not show strong oxidizing 
action still have toxic effects on biologic 
response. 

Numbers are obtainable after dechlorination 
an.d reseeding. The meaning of these 
numbers is obscure. At least two states 
(New York and New Jersey) specify BOD's 
before cKlorination only. 



V PRECISION OF THE BOD' TEST 

A The DO test precision often has been used 
to suggest .precision of the BOD^ result. 

DO precision is a relatively minor and 
controllable factor contributing to BOD 
results. Other factors such as organism 
suitability, .members > ada{>tation and 
conditional variables are much more 
difficult to control or to evaluate. 

B The Analytical Reference Service repprt 
on Water Oxygen Demand, July, 1960 
(Sample type VII) included the results of 
seeded samples of glucose- glutamic, acid 
BOD results from 34 agencies on 2, 3, 5 
and 7 day incubations. 

The relative geometric standard deviation 
(average) was 19% on 2% sample and 24% 
. 43n 1% sample concentrations. Rate 

coefficients ranged from 0, 10 to 0. 27 with 
a median of 0, 16 from 21 different • • 
laboratories that participated in rate studies. 



- VI ALTERNATE BOD TECHNIQUES 

Reaeration methods are becoming increasingly 
popular in order to approach more nearly the 
actual waste concentration in the receiving 
water. It is common to obtain "i^liding" BOD 
results related to the concentration of waste 
in a series of dilutfons of the same, sample. 
This may result from greater possibilities ■ 
for toxic effects at higherj concentrations, or 
to a different selection of organisms sind change 
in oxidation characteristics at low concentrations 
' of sample. The most i*eliable estimate of stream 
beliavior ^s likely to be from that dilution closest 
to the wastewater dilution in the receiving water^ 



container when the residual DO reaches about 
1. 0 mg/L. After reoxygenation, the remaining 
bottles are refilled and a new initial DO 
determined. Subsequent dissolved oxygen 
depletions are added incrementally as a 
summation of the total oxygen depletion 
from the start of the test.^ If necessary, 
the reaeration technique riaay be performed 
several *times but at a sacrifice of double 
DO determinations for each day on which 
r^eration occurs. 

B' Special methods of reaeration have evolved 
to minimize the extra manipulation for 
reaeration of individual sample dilutions. 

-1 Elmore Method « 

4 • 

A t*elatively lar^ge volume of the sample ' 
is stored in an unsealed bottle. Small 
bottles are withdrawn in sets of 5 or " 
more, sealed, incubated, and the DO 
determined at appropriate Intervals. 
When me DO concentration in the smaller 
bottles reaches 1. 0 mg/L, a nevr set Is 
withdrawn from the large unsealed 
bottle, after reoxygenation if necessary 

i 

2 Orford, Method 

The deoxygenation is carried out in a 
large se^ed jug from which samples * 
for DO are withdrawn at appropriate 
intervals. To maintain the waste level 
and a sufficient DO in the ]ug, additional, 
waste is added from a second open 
cont^dner. See diagram. * 

C Excels oxygen may be provided by 
oxygenation with commercial oxygd 
instead of with air to increase the ifiitial 
oxygen content for incubation while limiting 
the number of dilutions or reaeration Steps. 
When oxygen is used in place of air the 
oxygen saturation in'water at 20^C is about 
40 mg/L instead of 9mg/L. Limited resiolts 

are available hence thar analyst must verify 
his technique. The DO tends to, decrease 
as soon as the bottle is opened-hence, about 
35 Jmg/L of oxygen content is the top of the 
practical working XJoncentration. There has 
been no evidence that the biota is inhibited 
by the higher oxygen content with respect 
to BOB^ progression,. 

Reaeration or Oxygenation Advantages and 
Limitations. ' 



Reaeration can be accomplished by the ^ 
usual series' techniquies by dumping all of 
the remaining sealed bottles into a common 



Reaeration expands the range of BOD 
results obtainable directly at field 
concentrations, but is not advisable f6r 
applications when the sample BOD 
exceeds 50 mg/L* 
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Biochemical Oxygen Deinand Test Procedures 




Dilution water problems are eliminated^ 
^o the extent that the stream sample * 
be tested without dilutioa, » 



Incubator storage space becomes a real 
pjroblem for multiple sample routine. 



Vn Dissolved oxygen electrodes, polarographic 
and others, are feasible for use in BOD 
determinations, often making it possible to 
make an estimtite of DO or BOD when sample 
interference prevents a valid Winkler DO 
determination, 

Electronic probe DO makes it possible to ' 
determine many successive DO's at different 
time intervals on the same bottle with 
negligible sample loss. ^Reaeration or 
extended time series, therefore, are more 
feasible. 



Anottier outline in this series describes 
respbnse of r^aerated BOD^ with electronic 
DO probes. 



A It is the responsibility of the analyst to 
evaluate: ^ . 

1 Applicability of the specified technique 
and sample. 

2 To determine requirements for mixing 
and possible thermal effects while 
mixing in terms of instrument response 
and biochemical reaction. 

3"^ To evaluate long-term calibration or 
standardization and their effects upon 
precision and accuracy of the BQD 
resuH. * , 



Vin IMMEDIATE DISSOLVED OXYGEM 
DEMAND (IDOD) 

Immediate dissolved oxygen demand includes 
dissolved oxygen utilization requirements of^ 
substances such as ferrous iron, sulfite 
and sulfide which are susc^tible to high ^ 
rnte chemical oxidation. 



REAERATION METHODS fOR B.O.D. DETERMINATION {/ 
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Biochemical Oxygfen Demand Test Procedures 

— ? : ■ 



A The IDODis an apparent, response as „ 
indicated by a specified technique. Since 
DO titration is baseci upon iodine titration, 
any fafctjjr that causes lo response different 
from that produced by the reaction of KI 
and molecular oxygen confuses the IDOD 
determination. 

B IDOD Determination 

[> 

1 The IDOD determination inclbdes the 
determination of DO. on a samole and 
dilution water separately. A waste 

''^ likely to have a significant IDOD is 
unlikely to show a DO. 

2 According to mixing theory, it should 
" be possible to cadciSate the DO of any 

definite mixture of the sample sind 
' dilution water from the DO of. component 
psLTts ahd their proportion. 



3 The same relative proportions of sample' 

and dilution water should be mixed 

without air entrainm^nt and thfe DO 

deterniined after the arbitrarily selected 
, tune.oTlo mmutes. 

4 Any difference. between the calculated 
initial. DO as obtained in 2 above> and 
the DO determined in 3 above, may be 

. designated as IDOD. 

J5 Sample aeration. JDO interference, and • 
other factors affect :5'e suits for IDOD. 

C Siample CalculatiAa of IDOD 

1 Sample DO checked and shown to 
'be 0. 0 mg/L 



Dilution water DO found to be^ 8. 2 mg/L 

Assume a mixture of 9 parts of dilution 
water anci I part (V/V) of sample. 



Calculated DO =» - 
I X.O = 0 

9 X 8^= 73.8 . . ' * ' 

\ 10 parts of the mixture contain 73. 8/ 10 
or 7. 4 mg^DQ/b% Note that mixing has 
reduced tl^ DO concentration because 
the original amount is .present in a 
larger package. %^ 

2 The mixture described above was held 
for 15 minutes and the DO determined 
— was 4. 3 mg/h. 

IDOD = DO f - DO , ^ X ^ . 

calc . detm 7c sample 

used 

= 7.4 - 4.3 X 10 

= 31 mg IDOD/L . ^ • 

REFERENCES 

1 Standard-Methods, 14th ed, 1975. 

2 Methods for Chemical Analysis of 
Water & Wastes, U.S. .Environmental 
Protection Agency, Environmental 
Monitoring & Support Laboratory, 
Cincinnati, Ohio, 45268, 19V4. 

— This outline was prepared by J. Ludzack, 
formef^Chemist, National Ti^lning and 
Operational Technology Center, OWPO, 
USEPA, Cincinnati., Qhia 45268 



Descriptors; Biochenucal Oxygen Demand. 
(jnemicaJL Analysis^ Dissolved Oxygen, ' 
Water Analysis, Analy3is, Wastewater 
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BIOCHEMICAL OXYGEN DEMAND TEST 
piB^ION TECHNIQUE 



I • GENERAL 



A Standard Methods (1) lists tiiree ways 
of diluting biochemical oxygen demand 
(BOD) samples: in a 1 or 2 liter 
graduated cylinder^ in a bottle of known 
capacity (e. g. , the BOD botJTe), or in 
a volumetric flask for dilutions greater 
than 1: 100, followed by^^final dilution 
in the incubation bottle. * 

B The dissolved oxyjgen (DO) determina- 
tions may be made using the azide 
modification of the Winkler procedure, 
or a DO meter^ " * 



reageiSts. ' 



II 



A Distilled watgf - obtaUied f rpm a Block 
tin or all glass ^till;-or tfge delonized 

* water. It naust contain no more 'than^ 
0. 01 mg of copper/ L. ; It must be T 
free of chlorine, chloi^inines, caustic 
alkalinity, organic jnaterial^and 'acids. 
Aerate the water in one of three \^ys; 
loosely pltig the container with cottop * 

- ^ and st0i;e at 20*^C for ab9ut 48 hours; 
, shake 20*'C water irTa partially filled 
- container; btlbhle clean conipressed 

* through 20*^ C water. Use distilled , 
,v(but not necess.arily aerated) water for 

the preparation of all solutions. 

B Phosphate Buffer Solution - dissolve 
8. 5g potassium dihydrqgen phosphate^ 
KHgPO^^ 21. 75g dipot^ium hydrogen 
phosphMe, KgHPO., 33. 4g disodium 
hydrogen phosphate heptahydrate, 
Na^HPO 'VH^O, and 1.7g ammonium 
chlorider NH^Cl, io about 500 mL oi 
•water and dilute to 1 L. The pH of 
this solution is 7. 2 Discard it if any 
biological growth appears in the bottle. 

• ' 

C Magnesium Sulfatjp Solution - dl'ssolve 
^22. 5g magnesium sulfate heptahydrate, 
MgSO • 7H^O, in water and dilute to 
llite^.u ^ 



CH» O. bod. lab* 3c. 2. 81 
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D Calciujn Chloride Solution - dissolve 
. 27. 5g anhy4jrous calcium chloridei 
CaCl«* in water and dilute to 1 liter. 

E Fprric Chloride Solution -.dissolve 
0?2SjgJerric chloride, FeClo* in water 
and dilute to 1 liter. 

F Dilution water - add 1 xxiL each, of- 

solutions II p, II C, II p, and II E for 

each liter of distilled water (IIA). If the 

-'dilution water is to.be starec(^ tidd the 

phosphate buffer (IIB) just^ before use. 

if 

G Seieded Dilution Water - the standard 
seed material is the supernatant , 
liquid from domestic wastewater which 
has been allowed to settle for 24-36 hours 
%tSO^. Use an amount which will produce 
^ a iseOT correction pf at least 0. 6 mg/ L. 
. Add 'thef'seed to the dilution water (II F) 
oi!?ttfe day the dilution water is to be used. 



H Sodiiii 
/ 1.5751 



Sihate,Solution, 0. 025N - dissolve 
anhydrous sodium* sulfite, Na^SO^* 



injwater and .dilute 'to' 1 liter; Prepare t6^ 
soltxtion daily; *it is unstable. ^ 



I Acetic Acid Solution 50%. - slowly pgur 50 mL 
* i^cetic acid, HC^HgOg, into 50 of water. 

J " Potassiuni Iodide Solution,. 10% - dissolve 
iOg potassium' iodide, KI, in 90 mL water. 

K Sodium' Hydroxide Solution, IN -dissolve 4g 
sbdium hydroxide, ^NaOH, in water and dilute 
to ;00 mL. , . 

/ 

L Sulfuric Acid Solution, IN - slowly pour. 
2.' 8<jnaEibf conc^ sulfuric acid, H^SO^, » 
.into 98 mL of Water. . " , , 

Caution: heat will be/ generated. * 

M Powdered Starch Indicator--- Thyodene is 
one brand n^tme. 

N lBromthyn;ol Blue Indicator r or" a pH meter. 
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Biochemical Oxygen*^ Demand Test Dilution Technique 



III INTERFERENCES/ PRETREATMENT 



Caustic Alkalinity or Acidity - this 
must be neutralized to a pH of about 7 
with 1 N sulfuric acid or^sadiiftn hydroxide. 
Use a.pH meter or bromthymol blue as 
an external indicator. 



During the 5-day incubation period^ ^at > 
least 2 mg of oxygen/h must be 
cons^kjtned, and at least 1 mg of o^gen/L 
must remsdn at j^e end of the incubation 
^period. < 



0 



B Residual Chlorine Compounds - some 
residual chlorine will dissipate if the 
sample is allowed to stand for 1 or 2 
hours. Higher residual's must be 
determined, and then neutralized. To 
a known volume of sample betweeu 100 
and 1000 mL* add 10 mL of acetic acid 
^olution, 10 mL oX potassium iodide solu- 
* tion, mix, and titrate to the disappearance 
of blue coloi^'wTlHsP. 025N sodium sulfite 
and using powder^aSBtarch indicator (or 
starch solution). a proportionate 

amount of the 0.0254N sodium sulfite to 
dechlorinate the entire sample. (The 
pot*tion of sample used above to^ 
determine the Chlorine content of the 
' sample should be discarded* and is not 
to be used for the BOD determination. ) 
After 10-20 minutes, check, a portion of 
the dechlorinated sample to make sure 
the dechlorination is complete. 

[ * ■ 

C Other ToxiC Substances - samples contain- 
; ing other to^c substances, e.g. metals in 

plating wastes, require Ipecial study and 

treatment. J 

D Supe^saturation - if you suspect that the 
sample contains more than 9 mg ^f 
03^gen/ L at 20**C* shake it vigorously, 
in a large bottle or flaskl, or pass clean 
compressed air through the sample. ' 



IV SUGGESTED 'SAI&IPLE DILUTIONS 

Standard Methods (1) suggests Hxe following 
sample dilutions* HoweverL actual dilutioas 
should be determined on ihe basis of escperience, 
or information supplied with the sample. 



V PROCEDURE 



Type of Waste 



% DilUloh 



Strong Trade . 0. 1 
Raw (Sc Settled Sewage 1 
Oxidized Effluents ♦S 
"polluted Rfver Waters 25 
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1.0 

5 ' 

25* 

100 



The' steps below represent one of 
-several ways in which the BOD can be set up. 
For example purposes, assume the dilution 
water ddes not have to be seeded. 

A Siphon 20 «C =high qtaality disftilled 
water to the 1000 niL line in a. 
graduated cylinder. Tilt the cylinder 
slightly and allow the water to run 
down the isides of the cylinder. If the 
siphon was *'primed", with other water, 
"waste** ^bout 100 mL before filling the 
' cylinder. , ^ 

B Add 1 mL of the calcium solution and 
Ihix with a plunger-type mixer. 

C Add 1 mL of the magnesium solution and 
•mix with a plunger-type mixer. 

D Add 1 mL of the ferric solution and mix 
with a plun^r-type mixer. 

E Add 1 xnL of the buffer solution and mix 
with a plunger -type mixer. (If the 

* dilution^ watet* were to be deeded; it 
would be done at this point). ^ 

F Siphon about 250 -mL of the dilution water 
into a 1 liter graduated cylinder.. If more 
than 750^.mL of sample are to be used, less 
than 250 ^mL of dilution waterf would, of 
course^ siphoned in initially. Use the 
SEime technique as kfH abovfe. * ' 

G Measure the amount of well mi^ed sample 
to be used. Use a graduated pipet for 
smaller sainplfe volumes. If solids are 
present in the sample, the tip of the 
pipet may be put off helow the bottom 
graduation line. For larger sample 
yplumes, use the appropriate si^e 
graduated cylinder. 
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BiochemicaLQxygen Demand Test Dili^ion Technique 



\6d the sample to the cylinder containing 
: . the 250 mL of water. Allow the sample 
.,tp run down the sides of the cylinder. 

I Siphon in additional dilution water to the 
. lOOO^inL line, and ^ix with a plunger- 
typ^ niixeri If other dilutions of the 
• same sstmple, or other smaples, are 
being set^u^, be sure to rinse the 
mixer .between uses. * 



K 



plic 



Siphon the dilution water -sample jmixture 
into two BOD bottles* Hold the end of the 
siphbn close to the bottom of the bottle, 
open the siphon slowly , and keep the tip 
of the siphon just above the surface of 
the surface of the li!^id as the bottle , 
fills. Allow a smadl ariibunt of the ^ 
mixture to overflow the bottle. If the 
siphon was "orimed'*, '*waste" about- 
100 mL before nUing the bottles. 

Insert the stpppers into the, BOD 
bojttles with a slight twisting motion^ 
Do not use so mucfi force that an^ayx^ 
bubble is created. 

Determine the initial DO (DOi) on one of 
the bottles within 15 minutes. , Use the 
Winkler procedure, azide modification, 
or a DO meter. 



mg five-day BOD/L = 



7.5 - 2.5 

~(J7\ 



= 50 



VII SEED COkRECTION ^ 

A If you ^ seed the dilution water, a 
correction-must be applied to the 
calculation in VI above. 

B Do this'by setting up another five-day 
BOD exactly as described above, excepts 
use seed material instead of sample ► 

C In this case however, the five-day o^iygen 
depletion must be 40-70%. (In the case of 
the sarbple it was a depletion of at least 

> 2 mjg/L with at least 1 mg/L remaining). 
Consequently, tt may be necessary to set 
up several dilutions of the seed in order to 
^et one with a 40-70% depletion. 

D Example Seed Correction Calculation 

Two hundred fifty mL of seed material • 
are diluted to 1000 niL with dilution wat^r. 

250 X 100 = ' 25% seed material ' 



1000 



M 



N 



Water-seal- the second bottle and incubate 
in the dark, at 20^C + I'^^C, for five days. 



linoTtl 



DeterminoTth^ final DO (DOf) on the ' . 
second bottle. Use tfie same method as 
in. L above. (Recall the restrictions noted 
at the end of sectioA IV). i 



VI EXAMPLE CALCULATIONS 



DOH = 
DO f = 



7.0 mg/L 
3.0 mg/h 



Depletion = 'V. 0 nlg/L- S.d^ mg/L 
= 4. 0 mg/ L 

. -% depletion = 4. 0 mg/L x 100 
7.0 mg/L 

= 56 



DO initial = DO 1 = 7.^*5 mg/L 
DO final = DO f 2.5 mg/L 
100 niL sample volume diluted in the 
. 1 liter graduated cylinder = 
, ' 10% dilution (0*1 as a decimal 
fractipn) 

mg five-day BOD/1 = DOi - DOf ^ 

%.i sample dilution 
^ jg^Kpressjed as a 



/ 



decimal 



Since the 25% seed dilution gave an oxygen 
depletion in the desired 49-70%'range (56%), 
it can be used to calculate the seed correction. 

E Example Se^ Correction Calculation 
(Continued) 

Assume that iri preparing the dilution water . ' 
iV A thrpugh V E), you added 2 ml'of seed ^ 
material to the graduateii cylinder before'' * 
adding dilution wate;r, to the 1000 mL,JLj.ne. 
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BioclyBmical Oxygen Demaixd Test Dilution Technique- 



« 2 X 100= 0. 2% seed material^ in the 
1000^, j dilution water 

F Example Seed Correction Calculation 
(Continued) ^ V' - . 

^ 1 " ^ 

In the e)iample calculation in VI, a 10% 
sample ^tfuution was assumed. i 

If the BOD botties contained 10% sample, 
they therefore contained 90% dilution 
water ♦ 

t ' . r 

3 00 mL (volume of BOD bottles) 
0,90 (% dilution water in*the BQD 

bottles expressed as a decimal) 

270.00 mL (voluine qf dilution water in the 
BOD bottles) 

# 

G Example Seed Correction Calcufatipn 
(Continued) ' 

^ \ 
270 mL (volume of dilution water in the 

BOD bottles) 

0. 002 " (% seed material in the d^ution 

0. 540 mL .water expressed as a decimal) ^ 

0. 540 mL (volume of seed material jin the 

BOD bottles) 

f I 

^ ■ y 

H Example Seed Correction Calculation 



% of seed in the sample BOD bottles = 
0.48 (from. VII H above) 



% of seed in the seed^BOD bottles » 25 i 
(from vn D above) 

% of sample expressed as a decimal 
frdetlon = 0. 1 (from VI above)* 

factor ^ % of'seed in the sample BOD bottles 
So of seed in the seed pOD" bottles 

.. = 0.0072 • f 

Finally, mg five-day BOD/ L- (7.5 - 2.5) - 
[ (7.0 - 3.0) X 0.0072] • . 

I . . • 

. 5.O.- [ 4>0 X 0.0072] . 



0. 1 

5.0 - 0.03 
0. 1 



(Continued) 



0.54 X 100 =^ 0. 18% seed material in- the ^> 
3 00 BOD bottles 

You noV have all the data you need \o\ 
calculate the seed correetion. * ^ 

mg five-day BOD/l = - x* 

(DOi - DOf) of ^mple- 'J 
[(DOi - DOf) of '^ed material x 

^ factor) ^ 

% of sample expressed • ; ^ 
as a decimal • \ \^ 

DOi of sample = J. 5 mg/L ifrom VI above) 

DOf of sample =2.5 mg/ L (from VI abftvej" 

pOi of seed n^aterial =7.0 mg/ L (from VII D 

above) -1 



= 49.7 

VIII Dilution Water Check 
, ■ - 
A five-day BOD on uns^'ecj^ed dilution watei: 
mugt not be greater than 0. 2 mg/L (and 
preferably not more than 0. 1 mg/L ). If it is 
^greater fhan 0. 2 mg/ L check for contam'ination 

^in the distilled water and, or,:dlrty BOD bottles. 
Do not use the value as a correction on the BOD. 



REFERENCES 

1 Sljandard Melhods.forthe Examination of ^ 
j Wastewate*, 14th ed^ APHA, AV^WA,. 
WPCF, New York, pg 543, 1975. 



This outline waspreparedby Charles R. Feldmann'i 
Chemist, National Training and Operational • 
Technology Center, OWPO, USEPA, 
Cincinnan,' Ohio 45268 . 
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• Bidchemical Oxygen Demand Test Bilution Technique 



DATA SHEEi: \ 



, Initial DO in m^/E DOi = 



Fin<al DO In mg/ L DOf = 



% sample dilution expressed 'j^^^ 

as a decimal (e.g., 18% - 0. 18) = . 



mg 5 -day unseeded BOD in 'mg/ L » DOi - DOf 
^ , - - decimal 



r 
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OPERATING CHARACTERISTICS AND USE 
^ OF THE pri METER , - 



I ' INTRODUCTION 

pH is a term used to describe the intensity 
*of the acid or alkaline condition of a 
solution. The concept of pH evolved from / 
a series of developments {fiat led to a 
fuller understanding of acids and alkaline 
solutions (leases). ilCcids and bases were 
originally distinguished by their di^erence 
in physical characteristics (aci^-^sour, 
bases-feoapy feel). In the 18th century it 
^as recognized that acids have a sour taste 
(vinegar-acetic acid), that they react with 
limestone with the liberation of a gaseous 
substance (carbon dio^de) jdnd that neutral 
substances refeUlt from their interaction . 
. with .alkaline solutions. 

Acicis are alsoT^eecri^ed as« compounds 
that yield hydrogen ions when dissolved 
in water. And tha{ bases yield hydroxide 
ioris when dissolved in water. The process 
of neutralization is then considered to be 
the uniorr of hydrogen (H^) ions and bydroxyl 
(OH") ions to form neutral water 
(H+ + OH'-^HgO)* ^ ^ ' 

It has been determined that there* are 
1/ 10, 000, 000 grams of hydrogen ions 'and * 
17/ 10, OOOrOOO* grams^ of hydrpxyl ions in 
one liter of pure water. ^ The product of the ' 
H+ and OH** ions equal a constant value. 
Therefore, if the concentration of the H+ ^ 
ions is increased there is a corresponding 
. .ydecr^ase in OH" ions. The acidity or 
.^^^IkaQinity, hydrogen ion concentration of a 
solution is given in terms of pH. The pti' ^ 
' scale extends from 0 to 14 with the neutral 
point at 7. p. 

II INSTRUMENTAflttNi^ , ' 

' • A General 

^ Because of the differences between the 
many makes- and model of pH meters 

- 1 * 



which are available commercially, it is , 
impossible to provide detailed instruc- 
tions for the coVrect operation of every 
instrument. In ea6h case, follow the 
manufacturer's instructions. Thoroughly 
wet the glass electrode and the calomel 
electrode and prepare for use in accor- 
dance with jthe instructions given. 
Standardize the instrument against a 
buffer solution with a pH approMhing 
that of the sample,* and then checR-the 
linearity of electrode response against 
^at least one additional buffer of a 
different pH. The readings with the 
additional buffers will afford a rough 
idea of the limits of accuracy to be 
expected of the instrument and the technic 
of operation. ^ 



B iSlectrode Design 



About>1925 it was discovered that an 
electrode could be constructed of glass ^ 
which would develop a potential related . 
to the hydrogen-ion concentration with- 
out interference from most other ions. 
The glass pH electrode is the nearest 
approach to a univiersal pH indicator 
known at present. It works on the . 
principle of establishing a potenttal 
across a pH-sensitive, glass membrane 
whose magnitude is proportional to the 
difference in pH of the solution 
separated by thi3 membrane. 

All glass pH indic^ting^electrodes have 
a similar baaie-deel^. Contained on 
one .side of app^m?iate glass membrane 
is a^solution^f c<mi«ant pH. In contact 
yriXh the otherSrdfe of this pH sensitive 
glass is the solutioK of unlmoWn pH. 
Between the surfaces of thW glas$ mem- 
brane, a potential is establisl^d which 
is i5roportional to the pH differ^^e of 
these solutions. As the pH of one 
solutipirlb. constant, this developed 
potential is a measure of the, pH of the 
other. ' 



|l:RlC'H;PH.?. 3.75* 
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Operating- Characteristics and Use of 'the pH Meter 



To measure this 'potential, a half-cell 
is introduced into both the constant, 
internal solution and into the unknown, 
eitemal.^solution. These half-cells are 
in turn conjiected to your pH meter. The 
internal reversible half-cell sealed 
within the chamber of constant pH is 
almost exclusively a wire of silver- ^ 
silver chloride. The external 
reversible half-cell is often silver- 
' silver chloride. If both Ae internal and 
external electrodes ar^ combined in a 
common pH measuring device, the 
electrode is a combination pH electrode; 



As the function of these half-cells is t^ 
provide a steady reference voltage 
against which voltage changes at the 
glass pH 'Sensitive membrane can be 
referred, -they "must be i>rotected from 
contamination and dilution by the imknown 
solutions. This is accomplished Tjy < 
permanently sealing the internal half- 
cell in a separate chamber which makes 
electrical contact to the unknown 
solution through a porDUS ceramic plug. 
This ceramic plug allows current to flow, 
but does not permit exchange of solution^' 
to this chamber. ^Gradually the kcL. 
solution is slowly lost, therefore a 'filling 
port is' placed in this electrode so that- 
additional saturated potassium chloride 
can be added.' 



selected to re-calibrate the instrument 
?md the determination of the pH of the 
sample repeated for af final reading* 

D Precision and Accuracy / 

The precision and accuracy attainable 
with a giv^n pH meter will depend upon 
the type and condition of the instrument 
^employed and the technique of standard- 
ization and operafion. With the proper 
care, a precision oft 0.02 pH unit^and 
an accuracy of t 0. 05* pH unit can be 
achieved with many of the new and 
improved models. However, i 0. 1 pH* 
unit. represents the limit of accuracy 
under normal conditions. For. this 
reason, pH values generally should b^ 
reported to the nearest 0. 1-pH unit. 

E Maintenance Practices 



A 



C Instrument Calibration ^ ^ 

The pH balance control, by adding a 
voltage in series with the pH electrode 
•system, allows the operator to adjust . 
the meter readout to conform to the pH 
* of the .calibrating buffer.. In general, | 
calibrate the meter Ihs^e general range 
*of th^ unknown solution^ Appropriate; 
buffers can be selected (pH 4.0, 6. 8,j 
7.4 and 10.0). Always set*the tem- j 
perature compensator on the instrum^ent 
to the temperature of the standardlbuffer 
solution.* * ^gt 

For most accurate analysjls the pH of the 
sample should be deterniined, and then 
buffered solutions of, a pH above and 
below the determined pH should be j 
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The reference chamber of the pH < 
electrode system should always be kept 
nearly full of saturated kcL solution. 
Routinely check the level and saturation 
of potassium chloride in this reference 
chamber and add saturated kcL if 
necessary. v 

The pH sensitive glass membrane 
dehydrates when removed 'from water, 
and-thus it is imperative that dry 
electrodes be soaked in buffer or water 
for several hours before use. To 
avoid this break-in period always keep 
the glass pH sensitive membr^ie wet 
betwe.en peripds of use. 



The buffers arfe pH standards; 
contaminate them^ 



io not 



If the meter is a battery operated 
instrurnent. To conserve the battel^ 
.life, th0^sjrument should be tUOTed 
offwhen not in use. 

m PROCEDURE f 

In the measurement of pH values of industrial 
wastes, effluents, sludges and similar* 
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samples, ^the electrodes must be thproughly 
rinsed witii biiffe;' soliition between samples 
and after calibrating. Buffer solutions cam 
«^be prepared by use of the formulations shown 
in Table* I. 

The electrodes should be kept free of oil 
and grease'and stored in water when. not in^ 



use* In testing samples containing gaseous 
or volatile components which affect the pH 
value, any handling technic such as stirring 
or heating may cause loss of such components 
and thereby intuoduce error. For example, 
the loss of carbon dioxide from an anaerobic 
sludge digester sample due to stirring will 
result in an observed pH value which is too 



Table I 

Preparation of pH Standard Solutions 



Standard Solution (Molality) ' pH at 25 C 

Primsiry standards - r 

Potassium hydrogen tartrate 

(saturated at 25°C) 3/557 . 

0, 05 potassium dihydlrogen citrMe 3. 776 

0, 05 potassium hydrogen phthalate 4. 008 

0,025 potassium dihydrogen 
phosphate + 0. 025 disodium 
. hydrogen phosphate 6. 865 * 

©•0P8695 potassium dihydrogen 
phbsphate + 0, 03043 disodium ' 
hydrogen phosphate ^ ^ 7.413 

0,01 sodium boBate decahydrate 

(borax)^^ . . B 9. 180 

" 0. 025 sodium bicarbonate + 0. 025 . 

sodium carbonate ' , 10. 0 12 . 

Secondary Standards 

0. 05 potassium tetroxalate dihydrate 1. 679 

/ 

Calcium hydro;dde (saturated at 25°C) ' 12,454 



Weight of Chemicals Needed per 1, 000 
> ml of Aqueous Solution at 25 C 



6.4gKHC4H40g* 
10. 12gKHCgH^O^ 



3. SSSgKHgPO^t + S.SSSgNagHPO^tt 



1. IVSgKHgPO^t + 4.302gNa2HP©^t 



3. SOgNagfi^O^' lOHgOt ' 
'2.092gNaHCO3 + 2. 640gNa2CO3 

1. 5gCa(OH)2* 



/ 



♦Approximate solubility - ' 

tDrx cheinical at 110-130»C for 2 hrV 

tPrepare with freshly boiled and cooled distilled water (carbon dioxide-free) 
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high. If a sample of sludge or mud is highly 
buffered, a small amount of water may be 
added but the result cannot be considered 
valid unless further dilutions yield the same 
pH value. All diDations should be ^reported' 
along with the result. 



Instruction - Manual IL 175 Porto-matlc 
'-pH meter. Instrumentation Laboratory, 
Inc. Lexington, Massachusetts*. 
Standard Methods, APHA-AWWA-WPCF. 
14tt Ed. , 1975. 
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TURBIDITY 



I INTRODUCTION 

Turbidity as a water quality index refers 
to the degree of cloudiness present. 
Conversely, it is an index of clarity. 

A Definition^ - / 

Turbidity is an -expression of the optical 
property that causes light to be scattered^ 
and absorbed rather than transmitted iii 
straight lines through samples of water. 

B Relationship to Suspended Solids < 

This optical property, turbidity, is 
caused by suspended matter. The size» 
shape and reflection/ absorption ^ 
properties of that matteri(not its weight) 
^determine the degree of optical effects. 
It is very possible to have water with 
high turbidity but very low mg/L sus- 
- pended solids. Thus oiie cannot uiSfe 
turbidity results to estimate th^ weight 
concentration and specific gravity of the 
suspended matter. | " 

C Causes 

* 9 

1 clay, sand 

2 silt, eroQion products 

3 microscopic and macroscopic 
organisms 

4 finely divided organic products 
6 others * 

D Effects on Water Quality|^^ 

i Turbidity is an indicator of possible 
suspended matter effects such as 
^ impeding effective phlorine disinfection • 
and clogging fish gills. However, tiie 
following list is limited to those effects , 
associated with the optical (clarity) - 
nature of turbidiiy. 



1 Reducing claHty in water 

a drinking water quality 

b food processing , 

' c industrial processes 

d fish (seeing natural food) 

e swimming/ water^ sports 

2 Obscuring objects in water ^ 

a Submerged hazards n 
b water sports ' ^ 

3 Light penetration 

' a affects depth of compensation 
point for photosynthetic activity 
(primary food production). 

4 Thermal Effects . ? 

High turbidity causf.es near surface 
waters'tol3ecome'heat6d because of 
the heat absorbancy of the particulate 
ma^er. 

a Results- in lower rate of oxygen 
^transfer from air to water. 

b Stabilizes water column and 
prevents vertical mixing. 

1 decreases downward dispersion 
of dissolved oxygen 

2 decreases downward dispersion 
of nutrients 

(2). 

E Criteria for Standards 

1 Finished Drinking Water - Maximum 

of one unit where the water enters the * 
distribution system; The proposed 
standard Is one unit monthly average and 
five units average of two consecutive days. 
Under certain conditions a five unit 
monthly average may apply at state option. 

2 For Freshwater Aquatic Life* and 
Wildlife - The combined effect of color 
and turbidity should not change the 
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compensation point more than 10% 
from its seasonally established 
normi nor should such a change , 
place more than 10% of the biomass of * 
photosynthetlc -organisms belgw the 
compensation point. * 

, - 3 Turbidity Criteria Used by Industries: 

, a Textiles -• O. 3 to 5 tmits 

b Paper and allied, products - Ranges 
from 10 to XOO unite, depending on 
type of paper. 

c Canned, dried and frozen fruits and 
vegetables - Same as for finished 
drinking watef^ (1 turbidity imit)^^ ^ 

F Pirocesses to Remove Turbidity (Solids) 

1 Coagulation ^ * - 

a pre*chlbrination enhances coagulation 

2 Sedimentation ^ ^ 

3 FHtration- 

4 Aeration 

5 Others " ' ' * . 



# II VISUAL METHODS TO ESTIMATE 
TURBIDITY 

A Early Efforts 

In the early 1900' s, Whipple 'and Jackson 
measured turbidity and developed a calibra- 
tion scale for turbidity instruments. 

B Jackson Candle Turbidimeter 

Later Jackson developed apparatus » 
which utilized the same "extinction" 
principjle as the instrument devised 
earlier with Whipple. 



1 Instrument 



-Glass Tub* 



- Mtloi Tub* 



Support 



Spring-loadtd 
Cyllndtr 




Figure 1 



JACKSON CANDLE 
TURBIDIMETER 



• Tl^e, sample was poured into a ffat- 
'bottomed, graduated glass tube " . 
held over a special candle. A 
turbidity reading waa^taken when 
the operator, observing froni the 
top pf the tube, saw the image of the 
candle flanie disappear into a imiform 
glow. The reading related the final 
depth of sample in the tube with tube 
calibrations obtained^rom a standard 
suspension solution. 

2 Standard Suspension 

The standard was a suspension of 
silica prepared from Puller's or 
diatomaceous earth. This was 
diluted to prepare a series of 
standard suspensfons to graduate 
the tuirbidimeter. Graduations on aU 
Jackson turbidimeters are made in 
conformity to this original data. 
Other suspensions are standardized by 
using the pre-calibrated turbidimeter and 
diluting accordingly. 

3 Unit Used 

Jackson Turbidity Unit (JTU) - parts 
per million suspended silica turbidity. 
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4 Standardization of Apparat|^s ^ 

The current edition of Standard 

Mgthods^^^ contMns specifications 
for the three essential components, 
i. e. , the calibrated glass tube, the,' 
capdle and a support. 

5 Current Standard Suspension 
Solutions^ . 

1 Natural turbid w^1;er from the same* 
source as that tested gives best ' 
results. Determine turbidity with 
the instrument, then dilute to values ' 
desired* 

2 The supernatant of a settled solution 
of kaolin is also used as a standard. 

6 Limitations of Method 

a Apparatus - difficult to exactly 
reproduce flame as to intensity and 
actual li'ght^ath length. In genera], 
« it is a rather crude instrument with 
i^everal variables that affect afccuracy. 



tjjder) upward through the sample 
(rhich is contained in a glass tube* 
The entire system is enclosed in a 
lack metal box* The operator views 
^e sample by looking downward through 
an ocular tube screwed into the toi^of 
the box and adjusts the.brightness of a 
central field of light by turning a 
calibrated dial on the outside of the 
apparatus. The point of uniform light 
intensity occurs when a black spot in* 
the center of thevfield just disappears. 

2 Range of Applicability * ' « 

Tlje equipment offers a choice of bulbs, 
filters and voltimes of sample tubes. 
The variety affords a means to directly 
mejLsure turbidity ranging from 0 through 
150. The ranges can be extended by 
dilution.. ♦ ^ ^ 

3 Results 

The final reading from the dial is ^ 
translated into ppm silica turbidity units 
by using a graph corresponding to the 
bulb, filter and volume of sample used. 



b Very fine suspended particles do not 
tend to scatter light of the longer 
.wavelengths produced by the c^dle. 

c Very dark and black particles can 
; ' abiSorb enough light in comparison • 
to the scattering of light to cause 
•an incorrect reading of irnage 
extinction. 

^ d Turbidities below 25 JTU cannot 

' be directly measured* For lower 

^ turbidities (as in treated waters), 

indj.rect secondary methods are 
required to estimate turbidities* 

C Hellige Turbidimeter 

This instrument utilizes^e same 
' extinction principle as»the Jackson 
eaidle Turbidimeter. 

4 

1 Equipment 

An opal glass bulb supplies the light 
which is reflected {usuially through a 
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4 Standard Suspension Solution 

Standardizing suspensions are not used 
by the operator. The graphs are 
supplied by the company for each 
instrument. 

(5) ^ 

D Secchi Disk 

This is a very simple device used in 

the field to estimate i^e depth of visibility 

(clarity) in water. 

• 1 Equipment ^ 

The disk is a weighted circular plate, 
20 cm in diameter, with" opposing black 
arid white quarters painted on the surf^ice* 
The plate is attached to a calibrated line 
by means of a ring on its center to assure 
that it hangs horizontally. 

2 Readings 

, The disk is lowered into water until 
it disappears^ lowered farther then? 
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raificdiuntfl it, reappears/ The ^ 
corresponding visibility^epth (s)^^ 
are determined from the 
calibrated line. Some read both ^ 
depths and average them. Some 
read only the reappearance depth. 

3 Standardiiing the Procedure 

There are many variables (position 
of Sim and of observer, roughness of 
body -of water, etc. ) that affect 
readings. However, the same ^ . 
observer using a standard set of 
operating conditions can provide 
usi^ful'data to compare the visibility 
of different bodies of water. 

4 Application of Results 

Limnblogists have foimd it < 
convenient to establish a Secchi 
disk "factor" for estimating the 
photic depth where light'inten^ity 
is about 1 per cent of full sunlight 
intensity. The true photic dejJth is 
determined by use of a' submarine 
photometer and at the same^time 
the observer takes a series of 
Secchi disk readings 'to bbtain an 
averagev Dividing the true photic 
depth by this average gives a 
factor which can be used to multiply ' 
other disk readings for an approxima- 
tion of photic depth*. 

Status of Vifiual Methods for Gomplianpa* 
Monitoxing' 

The Federal H»g^rW **ilat of 
Approved Methods" does not include " 
any of 'these visual methods for National 
Pollutant Discharge Elimination System 
(NPDES) requirements. The. visual 
methods are not recognized in the 
Federal Register^^^ issue on'^Interim 
Drinking WjLimr B*fulatk»B, either. 



Ill NEEHEI39METRIG MEASUREMENTS 
FOR COMPLIANCE. MONITORING 

The subjectivity and apparatus 
deficiencies involved in visual methods 
of measuring turbidity make each 
unsuitable as a standard method. 

Sipce^rbidity is an expression of the 
optical property of scattering or 
absorbing light, it was naturlil that 
optical instruments with photometers 
Would be developed for this measurement. 



The type of equipment specified for 

compliance m( 
' rfephelometry. 



compliance monitoring ' utilizes 



A Basic Principle^*^^ 

The intensity of light scattered by thfe 
sample is compared (under defined <^ 
conditions) with the intensity of light 
scattered by a standard reference 
solution (formazin)t The greater the 
intensity of scattered light, the greater 
the turbidity. Readings are made and 
reported in NTUs (Nephelometric 
Turbidity Units). 

B Schematic 




Turbidity PartiCltt 
Scatter Ught 



(Top Vi«w) 

Figure 2 NEPHElGMETe)}- 
(90® Scatter) - 



AC 



Light passes through a polarizing lens 
and on to the sconple in a cell. 
. Suspended particles (turbidity) in the ' 
sample scatter the light. 



Turbidity 



PhotocelL(s) detect light scattered by 
tl^e pftrttHle^i^t a 90'' angle to the path 
of the incident light. This light 
energy is converted to an electric 
signal for the meter to measure. 

1 Direction of JJntry of -Incident 
Light to Cell 

a- The lamp might be positioned as 
shown in the scheixxatic so the 
beam enters a sample horizontally. 
. 

b 'Another instrument design has the 
light beam entering the sample 
(in a f^at-bottom cell) in a vertical 

V direction with the photocell 
positioned accordingly at a 90® ' 

« angle to the path of incident light.- 

2 Number of Photocells * 

The schematic shows the photocell (s) 
«^t one 90 degree angle to the path of 
the incident light. An instrument 
might utilize more than one photocell 
position, vfith each final position being 
at a 90 degree angle to the -sample liquid. 

3 Meter Systems 



The. meter might measure thd* 
signal from the scattered light 
intensity only. 



(7) 

C EPA Specififcati6ns for Instrument Design 

Even-when the same suspension is used 
for calibration of different nephelometfers, ^ 
differences in physical design of the 
turbidimeters will cause differences in 
measured values for the turbidity of the 
same s%mple. To ininimi^ie such differences/ 
the following design .criteria ha;ve been 
specified by the U. S. Environmental Protection 
Agency. 

1 Defined Specifications 

' a Light^Source 

Tungsten lamp operated at a color 
- temperature between 2200-3000°K. • 



b Distance Traveled by Light 

The total of the distance traversed 
by the incident light plus scattered 
light within the Sample tube should 
not exceed 10 cm. 



Angle of Light Acceptance of the 
Detector - 

Ibetecttr 'centered at 90® to the 
^ incident light path and not to exceed 
+ •30® from 90^. 



b The meter might measure the 
^signal from a ratio of the scattered 
light versus light transmitted 
directly through the sample to a 
photocell. * 

4 Meter Scales and Calbration 

a The meter may already be 

calibrated. in NTUs, in this case, 
at least one standard is run in 
each instrument range to be used 
in order to check the accuracy of 
the calibration scales. 

. b if a pre-calibrated scale is not 
supplied, a calibration curve is* 
prepared fot* each range of the 
instrument' by using appropriate 
\dHutioiis of the standard turbidity 
suspension. - 



The detector, and filter system If 
use'd, shall have a spectral peak 
f response between 400 and 600 nm. 

. V : s 

d Applicable Range 
* 

The maximum turbidity to be 
^ measured is 40 uiaits. Several ranges 
will be necessary to obtain adequate 
coverage. .^^Use dilution for^amples if 
their turli'idity exceeds 40 units. 

2 OtheriEPA Design Specifications* 

a Stray JLight 

^ffiaimal stray light shoiild r,each the . 
. detector In, the absence of turbidity. 
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Some causes of stray light reaching 
the photocell (sj'a^re: 

1 Scratches or imperfections in 
glass cell windows. 

2 Dirt, film or condensation o3;i the 
glass. 

3 Light leakages in the instrument 
system. , , ' ' 



turbidity differences^ of 0. 02 unit- 
or less. Several 'ranges will be 
necessary to obtain sufficient 
- sensitivity for low turbiditie^s. 

3 Examples of instruments meeting the 
specifications listed in'l'an'd 2 above 
include: * % ^ 

a HSch Turbidimeter Model 2100 and 
2100 A • . 



A schemsLtic of these causes is 
shown in Figure 3. 



Meter 



from Lens System 




Lsmp 

\ 



•8 



.Photoc«II($) 

Light L«aiuio* '^om 
Trontmittcd Light 




Light Scatter by gtoss tube 
^ (Top Vi«w1 

Figure 3 NEPHELOMETER 
SOURCES OF STRAY LIGHT 

St»ay light error can be as much 
as 0» 5 NTU. Remedies sire close 
inspection o^ sample ceMs for 
imperfections and dirt* and good 
- ' design -which can minimize the 
effect of stray Ught by controlling 
the angle at which it reaches the . 
sample. 

0 

• b Drift - \ _ 

The turbidimeter should be free 
from significant drift after a short 
warm-up period. This is imperative 
if the ana^st is relying on a manu- 
facturer's solid srcattering standard 
for setting overall instruxjaent 

\ sensitivity for all range s.v 
* 

, , c Sensitivity 

In Y^aters having turbidities less- than 
one unit« the instrument should detect 



b Hydccrflow Instruments DRT 100, 200, 
aiid 1000 . . 

4. Other turbidimeters^ meetiijg the 
listed apefifications are also 
acceptable. 

D Sources of Error 

1 Marred Sample Cells , 

a Discard scratched or etched cells* 

b Do not touch cells where light 
« strikes them in instrument. 

c Keep celJ^ scrupulously clean, inside 
and out. . ♦ 

1 Use detergent solution. 

^ Organic solvents may also be 
used. 

3 Use deionized water rinses. - 

4 Rinse and dry with alcohol or. 
acetone. 
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2 Standardising Suspensions 

a 'Uae turbidity - free water for 
/ preparations. Filter distilled water 
througn a 0.45 y m pore siq^ membrane 
filter i^suchi filtered water shows a * 
lowe /turbidity than the distille'd water. 

b Prepare a new stock suspension of 
,v Formazin each month. 

c Prepare a new standard sxispension 
'and dilutions of Formazin each week. 



Turbidity 



'I - 

3 Sample Interferences j 

I 

a Positive - i 

1 /Finely .divided air bubbles 

b Negative 

1 Floating debris 

• , 2 Coarse sediments (settle) 

3 Colored dissolved substances 
(absorb light) 

' (7) ' \ 



E Reporting Results 



NTU 



Record to Nearest: 



0.0-1.0 • 


0.05 


1-10 


0. 1 


. 10-40 - 


.1 


40-100 


5 


100-400^ • ^ 


10 


400-1000 


50 


>1Q00 


*100 



(7) 

^ 'F Precision and Accuracy 

1 In' a single laboratory (MDQARIi), 
uping surface water samples at 
levels of 26, 41, 75 ,180 NTU. 
the standard deviations were + 0. 60, 
+ 0. a4, + ir^Wd +;^. 7 units, 
respectively- ^ 



2 Acciirsicy 'data is not available at 
this time-; • ^ " j 



IV Standard SUSPENSIONS AND RELATED 

UNITS^®'^ ^ 

One of tHe critical problems irf measuring 
turbidity has been to find a material which 
/ can be made into k repro^lucible suspen^ 
' sion with^tmtform siied particles.. Various 
materials have been.used,^ . 



A Natural Materials 

1 Diatomaceous ^arth « 

2 Fuller's earth 

3 Kaolin 

4 Naturalljr turbid waters * - 

Such suspensions are not suitable 
as reproducible standards because, there 
is no way to control the size of the 
t suspended particles. 

B Other Materials 

1 Ground glass 

2 Microorgelnisms 

3 Barium sulfate 

4 Latex spheres 

Suspensions of these also proved 
inadequate, 

C Formazin ^ • 

1 A polymer^formed by reac.ting hydrazine 
p sulfate and hexamethylenetetraririne 
sulfate, ^ 

'2 It is ^lore reproducible than previously- 
used standards. Accuracy of + one per 
cent for replicate solutions has been 
reported,** ^ 

3 m 1958, . the Association of Analytical 
Chemists initiated a stfJidardized system 
"tJf ixirbi^ity measurements for the brewing 
. industry by: 
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a defining a standard formula foir making 
stock Farmazin solutions and 

b designating a unit of measurement 

based on Formazin* i.e,, the Formazin. 

Turbidity Unit (FTU), 
« 

During the^SO's FoijjpilLzin was increasing- 
ly usfed for water quality turbidity testing, # 
It is the currently recognized standard for 
compliance turbidity measurements. 



Turbidity 
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1 At first results were translated 
ftto Jackson Turbidity Units 

( JTU). However, the JTU was ' 
derived from a visual measurement 
using concentrations (mg/ liter) of 
silica suspensions prepared by 
Jackson. They have no direct 
* relationship to the intensity of 
Vlj^X scattered at 90 degrees in^ 
a nephelometer. 

2 For a few y^ars, results of 
nephelometric measurements 
using specified Formazin . 
standards were reported directly 
as Turbidity Units ^(TU»s). 

3 Currently, the unit used is named 
according to the instnunent used for 
measuring^turbidity. Specified 
Formazin^standards are used to 
calibrate* the instrument and results 
are reported as Nephelometric ^ 
Turbidity Units (NTUs). 



TUBBIDITY MEASUREMENTS FOR 
PROCESS CONTROL 

The schematic and design characteristics 
discussed above ^for nephelometric _ 
instruments is the required method for 
measuring turbidity for compliance 
purposes* Ttirbidity' data is also widely 
used to check w^ter for process design 
purposes and to monitor water for process 
control purposes* "The nature of the 
liquids to'be monitored, and the degree of 
sensitivity required for signalling the 
remedy to be applied have led to-the - 
development of monitoring instrumenta- 
tion that differs in design or in principle 
' A previously described. 



A U^rs of Control Data 

1 Potable Water Treatment Plants 

2 Municipal .Wastewater Tr^^erft Plants 

3 Industrial Processers ^ 



B Applications of Control Data 
1 Coagulation Processes^ 
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a To check the effectiveness of 
different coagulants. 

b » To check tiie effectiveness of 
different dosages. 

c To regulate chemical dosa'ges by 
autonSating chemical feed controls. 

\ . ■ ' 

2 Settling Processes ■ 

a To determine intermittent need for 
settling processes. 

b To control the sludge blanket. height 
in activated sludge treatment processes 

c To activate removal ajid re-cycling of > 
very high density sludgy from settling 
tanks. 

d ^'to m(jpitor effectiverifess of settling ' 
processes/ - ^ . . 



3 Filtration Proc.<5sses ,^ 

a To determine latermittent t^eed ^ ^ 
for filtration. 

b To facilitate high rate filtration ^ 

processes. . . 

c To prevent .excessive loadings for 
filtration systems. / 

d To check the efficiency of filtration^ 
systems. 

e' Tb regulate filter backwash operations. 



Rust in Water Distribution Systems' 

a 'fo' locate sources of contamiiiatioii. 

- * 

b To monil;or intermittent occurrences* 

Steam Boiler Operations 

a To detect corrosion products in • / 
boiler water. 



Turbidi^; 



V b . To detect evidences of corrosion 
, ' in condensates, 

•. 

• c To d^terrftine the effectiveness of . 
corrosion treatment measures, 

C Varieties of Instrumentation 

1. . Surface Scatter Nephelometers 

In forward ^ scattering instruments, 
, 'the angle of the incident light is 
adjusted to illuminate the siirface 
of a smooth flowing liquid at an angle 
of about 15 degrees frpmvhbrizqntal/ 
rattier than beamed through a glass 
cell of the liquid as described fqr a 
nephelometer esirlier in this outline, 
A photocell is located immediately 
above the illuminated area so that 
vertically scattwed light from 
- ^turbidity in the sample reaches it. 



Moter 




Lamp ! 



'■I 



is diXficult to^cjiieve in glass cells, 

2 Stray light effects on the photocell, 
are minimized because the simpler - 
. ^sign eliminates some of the sources 
of stray light. 

3. Since flowing; sample is used, 

interferences from adv^ bubbles and/ 
or- floating materials are quickly 
eliminated, ' 

4 This design is sensitive to the pre^ende 
of^larger. suspended particles. 



b Disadvantage 

-As turbidity becomes* high, penetration 
]of incident light decreases to cause a 
Ifalling off of response. 



2 .Absorption Spectrophotometry 



The inpident light is beaniifed through a 
Smooth, flat stream of sample ajid the 
frtmsmitted light (in contract to * 
nephelometric scattered light) is measured 
by a*spectrophotometer.> ^A schematic 
* is shown in Figurt 5. 



Turbidity Particlos Absorb light 




Figow 4 NEPHEldM^EIt.|^j^face SfoUer) 

-Variatipns jDf •^^m^thd^^^^ , 
•^S^include sidescatter dndl fiacksc^it 



^^i^include 
-designs* 



?itter 



-a: Advantages^ 

, 1 No'^laas sample cells are i 
used. . Attendant problems ot I 

' ^ * cleanliness "land condensation 
are elfminated. The surface 
or the liguili provides a^ear-*^ I • 

' * • ' perfect pptical surface which. ; ; 



\ 



Photoc«ll(i} Mttor 

Frgwr;5 Xb?ORPTION SPEaROPHOTOMETRY- 
a Advanta^s 

» « . (b * 

*^ ' i ' " 

1 No glass^ sample .cells are,used. 

2 / Tbe simpler design eltrmufctejR 
' * sources of' stray light. 

* 3 V Applicable to measure high 
^ ' turbidities, e. g. ^^in slujlges. 

b ' DTSadvantage ' ^ / 

^ ' 1 iJbw sensitivity for many applications* 



2 Coloi^'constituents interfere. 
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Turbidity' 



VI SUMMARY' 

» 

Turbidity measurements represent thie 
optical property of light scattering by 
suspended solids, NTUs are an i^dex 
of the effects of the siz^, etc. , of 
suspended particles but cgLxmot be used 
to indicate mg/ L quantities of those / 
particles^ The parameter is requir^ » 
fdfr' finishejjipotable water^and 4s extreme- 
ly useful- in rfefterence to aesthetic quality 
(fclarity), photic conditions and thermal 
effects in bodies of water/ It is also 
. widely applied for process control of ' 
water and wastewater treatment and 
of industrial processes. 

There have been difficulties in develogong 
a satisfactory standard method foj>4ms . 
'* measurement. Earl^ methods depended 
on a subjective judgement of an extinction 
point where transmitted light balanced 
scattered light in rather crude apparatus. 
Although ^e apparatus was refined and / 
stan<Jardized to large extent, the ; 
subjectivity of these visual methods was 
still an unsatisfactory^ element of stich v 
methodology. / , / 

.\ Eventually, optical instrumentation was 
^|^|ktloped to eliminate subjectivity' 
ffom the measurement. Nephelolnetry 
(sca^ering) \yas chosen for the standard 
nietho^lNand Ur-'-S. EPA has specified* * ' 
sever^ ihstrument design ♦criter'ia to^ 
further pro^n^e stan^Jardization of the 



giMsurement. >^ 

* Findmg 'a suitable (reproducible) 
stendard* suj3pension has £Jso been a 
{)roblem. , Currently, Formazin is 
specified^ the stan^dard. because, to 
dafc, it is fnore reproducible than 
oth^ suspensibns proved to be. 



Establishing a meaningful miit progressed ' 
along with development of instrumenta- 
tion and agreement on a standard ' 
•suspension; ■ The current imit"tNTU) is 
derived from the method of measurement; 
nephelo^etry, and use of a standard./. 
For mazin^ su sp en dion . 



Even with the efforts to stajidardize 
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instrument desi^, to find a suitaWe 
standard suspem^ionj^ahd to agree . 
oi} a meaningful unit, there ar6 still 
problemj^ about this measurement. 
.Instruments meeting the' design y ' • ^ 
' " criteria aiid standardized with 
Formazin suspensions-can gix|^ 
, tui^bidity readings differing ' 
significantly for the same samplre. 

Anp^^r problem area is assodated'. ' , 
with sample dilutions. Woirk has^ . 
indicated a progressive "^rrpr^on . 
sample turbidities in excess. of 4dyunit6^ 
so such samples are to be diluted. 
However, obtaining 9, dilution exactly 
representative of the original ^ ^ 

suspension is difficult to achieve. 
Thus dilutions often significantly fail 
to give linearly depreased'result^ * 
when re-measured. • * - 

JIEFERENCES ' ' 

1 APHA, AVfVlAi Wi>CF, Standard Methods ' 
for th^ Examination of Water and- 
Wastewater, l'4th ed. , APHA; 

- • ' 1976. . 

i ' National Academy of Sciences,. Natio! 

Academy of Engineering, 1974 EPAl 
revision of Water Quality Criteria, 
.1^72, EPA, GPO, Washington, 
20402, # 5501t00520. , ^ ^ 

3 U. S, Governmental-Code of Federal 
Regula^tions, Title 40, Chapter* 1, 
Part iAl .- National Interim Primary 
. Bi^^^ing Water Regulations, published 
in the Federal Register, Vol 40/ No. 248, 
Wednesday, December 24, 1975/ • 

4^ Hellige, Inc. , .-Graphs and Directions for 

Hellige ^Turbidimeter, Garden City, 
^ ' NY, Technical Information #8P00. 

5 Und, O. T. , Handbook of Common 

^ethoda in Limnology, Mosby, 1974. 

5 V. S. Government, 'Code of Federal - 
Regulations, ijitle JtO, Chapter !, 
Part 136 - Guidelii%s Establishing * 
-V Te^t Procedures for the Analysis of ' 
Pollutants, published ih.the Federal 

r Register, Vol 41^ No. 232, Wednesday, * 

' - . December 1, 1976. 




7 Methods for Chfemical Analysis of 
* . Water and Wastes, EPA -.^MSL ' 
Cincinnati, Oljio 45268, 1979717' 

/I ; - ' V 

"^^ * r . 

8, Analytical Quality Control in Water and 
Wftstewater LAboratories,_JEPA - 
AQCL, Cincinnati, Ohio, 1972. 



This outline was prepared by'Aujiirey D. ' 
Kroner, Chemist, National Trfeiinhig.and 
Operational Technology Center, MOTD, 
OWPO, USEPA, Cincinnati, Ohid 45268 * '■ 



9 . News and Notes i6r the Analyst, Hach 
Chemical Cj)mpany, Ames, Iowa, 
VolumjB 1, No. 3. ' ' f 



>1 0 Sawyer and McCarty, Chemistr^ for ^ 
Sanitary Engineers, McGrayf-^Hill,' 
NY, 1967. 

1 1 Turbidimeters, Hach Chemical Company,* 
Ames, Iowa, I*ifth Revised Edition, 
1975. • \ 



Descriptors: Chemical Analysis, 
Instrumentation, Secchi disks. Turbidity, 
Wastewater, Water Analysis 
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laxxsch and Lomb^and Turner of California 
are additional examples '(,9/ 77) of models 
meeting the listed specifications. * , 



CALffiRATICttJ AND USE OP A TURBIDIMETER (NEPHELOMETER) . 



I REAGENTS^ 

» 

A Turbidity - free water - Pass distilled 
water through a 0,45 ym pore size 
membrane filter if such filtered water 
shows a lower turbidity than the original 
distilled water. * 

B Stock Turbidity Suspension 400 units 

1 • Directions are for preparing 100,0 ml. 

Larger volumes may be required. 

2 Solution, 1: Dissolve 1. OOg hydrazine 
sulfate/ (NH2)2* ^gSO^* in turbidity 

free water and dilute to 100ml in a ^ 
volumetric flask. * 

3 Solution 2: Dissolve 10. OOg . 
hexamethylenetetramine in.turbidity- 
free water and dilute to 100ml in a 
volumetric flask. 

4 Suspension: Mix 5.O9U Solution 1 
With 5. 0ml Solution 2 in a 100 ml 
volumetric flask. Allow to stand for 
24 hours at 25 + 3°C." Dilute to the 
mark and mix. - «> , 

^ 5, Stability: Prepare a new stock 
^ suspension each month. 

C Standard Turbidity Suspension - 40 units ^ 

/ 

1 Dilufe lO.OOr^ stock turbidity 
suspension to 100ml with turbidity - 

"free water in a 100 ml volumetric flask. 
, The turbidity is defined^as 40 units. 

2 Stability: Prepare a new standard 
' siispehdion^each week. 

D Dilute Standard Turbidity 'Suspension - 
4 units * f 

" » * 
1 Dilute 1. 0 n:il stock turbidity 
* suspension to 100 ml with turbidity- 
' free water in a 100 ml volumetric 



2 Stability: Pl^epare a new standard* 
suspension each week. 

E Secondary Standards 

1 Solutions standardlzed-with Formazin * 
can be pu^rchased from the manufacturer 
of the instrument. 

2 Date such solutions. Store ui^der the 
conditions Specified. Discard and 
replace when flocculatior^in the ' 
solution is observed o^wh^n it fails 
a periodic check with a Formazin Standard* 

^ / (2) (3) 

II PREPARATIONS FOR MEASUREMENTS 

A Suspensions y/ 

1 Check^te of pre^pffiration and pre- 
pare fresh solutions if required. 



B Sample Cell 



(5) 



1 Cells should be cleaned immediately ^ 
afterlise as described in V.B. below. * 

2 Inspect cells for cleanliness. If > 
necessary, dean themusing^V. B. below. 

3 Check cells for scratohes^and etching. 
Discard those with imperfections 4 



C Instrument 



fla^k. 



The turbirflty should be 4 units. 



1 Scale - If a scale is inserted/ check 
that it is in the correct position. If 
the scale is blank, Construct a^ 
calibration scale for ea*ch range on 
*tihe instrument. (See III B). 

2 Zero * Adjust meter needle to zero 
point on scale as directed by znanufactuer. 

3 Lens,- Check for cleanness. If required, 
follow manufacturer's instructions for, 
removing and cleaning the lens. ' 
Accurate re-positibning of the lens is 
critical for accurate measurements. 



Calibration and Use of^a Turbidimeter (Nephelometer) 



4. Warm-Up Period - follow 
manufactifrer^s instructions. 
Continuous running is often suggested 
because of the photomultiplier tubes. 

5 Focus - Use template or method 
described by manufacturer to check 
and, if necessary, set the focus. 

Deterinine Rainge of Sample Turbidity 

1 Use steps 5_thro^ 16 in III A below 
EXCEPT Step 12 which should be: 
Obtain a turbidity reading from the^_. 
scale. 

2 Note which Range (instrument scale) 
best '^brackets" the turbidity of each 
sample. 

3 If the*tui*bidi1y of a sample exceeds . 
40 units, use the higher scales pro- 
vided to determine the dilution ijequired 
so the final reading will be /below 

40 units.. For final measurements, use 
the Range (Scale) appropriate for* the 
diluted sample-. 



Ill ^ INSTRUMENT CALIBRATION AND 
MEASUREMENTS^ 

A Pre-Caiibrated-Scale 

1 Each week, prepare at least one ' " 
standard for the required instrument 
range (s) (as determined in II. D. above) . 
by dilujing one of the' Formazin 
suspensions de.aciiked above in L Reagents. 



Tlie table below gives '*e:^MPLE 
DILUTIONS". ' 



Set the instrument RANGE knob at 
the first range to be tested. (The^ 



instxniment should be ON, warmed up, 
zeroed, etc., as in H C above). 

3 Make any instrument adjustment specified 
by the manufacturer to use this RANGE. 

4 Rinse the SAMPLE CELL 2 times with 
the appropriStte^Buspension (or sample). 

5 Shake the suspension to thoroughly 
disperse the solids. (For secondary 
standards, chec|s the manufacturer's 
instructions for this step). 



EXAMPLE DILUTIONS 



NO. 



EXAMPLE * 

INSTRUMENT 

RANGES 



VOLUME 



TURBIDITY 
STANDARD 



FINAL 
DILUTION 



FINAL 
TURBIDITY 



1*. 



0.1 



2.5 ml 



4 unit 



100.0 ml 



0.1 



0 - o^2r 



5.X) ml 



4 unit 



100.0 ml 



0.2 



3. 



0^ 3 



7.5 ml 



4 unit 



100.0 ml 



0.3 



^0-1 



2.5 ml 



40 



100. 0 ml 



0-3 



7.5 ml 



40 unit 



100.0 ml 



0-10 



25.0 ml : 



40 unit 



100;o;mi 



10 



0 - 30. 



7. 5^ ml 



400 unit 



100.0 ml 



30 



100 



2 5. ml 



400 unit 



100.0 ml 



100 



10 



0 - 300 



75 ml 



400 unit 



100.0 ml 



300 



0 - 400 



100 ml 



400'un{t 



lOQ.O ml 

» 



400 



11 



0 - 1000 



100 ml 



4010 unit 



100.0 ml 



400 



ERIC 
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CaUbratioa-and^se-of-a-Turbidimeter-<Nephelometer> — — 



6 Wait until air bubbles disappear in 
the suspension. « 

7 Pour the suspension into the^ 
SAMPLE CELL up to the level 
specified by. the manufacturer. 
CAUf ION: Always hold the ceU 
Stbove the area from which light 

' scattering is* measured. 

8 If applicable, screw cap on celL 

9 Wipe the outside of the cell with a 
lint-free tissue. 
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Examine the suspension in the cell 
to check for air bubbles. If air 
bubbles are present, eliminate 
'them: 

(5) 

a by inserting the cell in the sample 
hblder and waiting a few minutes 
so bubbles rise above photo- 
multiplier tube. CAUTION: More 
^ bubbles can form if a temperature 

' rise occurs. 

b by holding the cell at the top and: 

1 flicking side with your finger or 

2 dipping the end of the cell into an . 
ultrasonic cleaning bath or 

t 

3 ' centrlfuging the filled cell in 

cups with rubber cushions and* 
surroundeci with water. 



NOTE: After any of these/ 
remedies, again wipe the 
outside of the cell, 
bubbles are gone, insert thg. 
cell in the saiiiple holder. 



ien air 



11 Place the LIGHT SHIEL£) according to 
the manufacturer's instruction. 



12 Use the STANDARD^ 
obtain a meter reaj. 



jJNG control to 
ig corr.esponding 



^o^the turbidity ofr^the stan(d5.rd 
suspension* / , 

/ 

-13 Remove the LtGHT SHIELD. 




14 Remove the SAMPLE CELL* 

15 Discard the standard suspension. 

16 Rinse SAMPLE CELL 2 times with ' 
turbidity - free water. 

17 Use Steps 4 through J 1 for each 
sample (or diluted sample) to be 
tested' in this range.) For samples, 
step 12 should be : tl6cord the 
turbidity reading for the sample. 
Then do Steps 13 through 16 as 
above. 

NOTE: The final reading, for samples 
should not exceed 40 NTU,- If this 
reading is exceeded for a sample, 
dilute it and repeat the calibration/ 
^ measurement procedure above using 
the appropriate range and standard. 
(Selectidn of the range as described 
in II. D. above should make this 
unnecessary at this stage of the , 
procedure). 

r 

B Non-Calibrated Scale 

Prepare a series of standards and 
make a calibration scale fof each 
range of the instrument* 

s 

The instrument should be ON, 
warmed up, zeroed, etc. , as 
in II C above. 

;b Prepare enough standards to 
,give several points on each 
sScSle so estimated readings can 
>e reasonably accurate. 

c Use the table of EXAMPLE 
• DILUTIONS in III A above to 
prepare the highest standard 
for each instrument range* 
The rest of each calibrating 
series can also be prepared 
by dflutions based on the in- , 
formation in the table. 

Self-prepared scales should also 
be calibrated, each day using the * 
procedure- given in lil A above for 
pre- calibrated ^ cales. 
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C-aibl^tton-anxi-Us^^ Turbidimeter (Nephelometer) 



3 Self-prepared scales are used for 
samples in the manner described in 
' III A above for pre-calibrated scales. 



IVnr^LC ULATION/ RESULTS^ V 

A Diluted Samples 

Multiply final sample readings by the 
appropriate dilution factor. 

Reporting Results 



Report results as follows: 



NTU 



Report to Nearest; 



0.0 - 1.0 


• 0.05 


1-10 


0.1 


10 - 40 


1 


* 

40 - 100 


5 


100 - 400 - 


10 


400 - 1000 


50 


> 1000 


100 



C PrecisiBn and Accuracy 

1 In a single laboratory (MDQARL), 
using surface water samples at 
levels of 26, 41, 75 and 180 NTU, 
the standard deviations were + 0. 60, 
+ 0. 94, + 1. 2 and + 4. 7 units, 
respectively. 

2 Accuracy data is no;t available at this 
time. 



V STORAGE 

A Standard Suspensions 

1 Store in glass containers at room 
temperature. - 



3 Observe stability times noted foi* 
each in I . above. ^ 

B Sample Cells 

» 

1 Discard cells with scratches or 
etching. 

2 Clean cells impiediately after use 
with this order of treatments: * 

a detergent' 

b organic solvents, if required 

c ' deionized water - 

d alcohol or acetone rinses to 
dry 

e lint-free tissue, if required 

3 Store in a manner to protect the 
cells from scratches. 

C Instrument 

1 A line operated instrument should 
b^periiianently located so moving 

, [ it often is not r>ecessary. 

2 Turbidimeters sh9uld be protected 
from dust, especially the lens system. 

3 Store any removable j^arts as - \' 
directed by manufkcturer. ^ 



2. Excess ligl>t«9r heat m^ty affect 
stability. 



icy 



4 Closeliny access doors y 

5 Because of the photomultiplier tubes, 
,x the manufacturer may suggest con- 
tinuous running of tlje instrument to 
insure maximum accuracy for mea- 
*surements. Frequency of use can 

" , determine the actuatl routine for warm-up 
time. 

6 Follow any other storage directions 
in the manufacturer's manual. 
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Calibration and Use of a Turbfdimeter (Nephelometer) 



REFERENCES • 

1 Methods for Chemical Analysis of 

Water and Wastes, EPA-Eli^SL 
Cincin nati, Ohio 45268, 1979^ 

2 'Laboriftory Turbidi^ieter, Model 2100A, 

Hach Chemical Co/, Ames, Iowa, 
1973. " . 

^i. 

3> Turbidimeters, Informsftion Circular 
No. 373A, Fisher Scientific, 
* Company, Pittsburgh, ^A 

4 Handbook for Analytical Quality 

Control, EPA-EMSL, Cincinnati, 
Ohio 45268, 1979. 

5 The orientation of the sample cell should 

be identical each time it is placed in 
the instrument. Mark the^ cell and 
instrimient to ensure that the" cell is ~ 
oriented consistently. Use the same 
cell throughout the procedure. 



This outline was prepared by Audrey D. 
Kroner, Chemist, National Training and 
Operational Technology Center, 
OWPO, USEPA, Cincinnati, Ohio 45268. 



Descriptors: Analytical Techniques. 
Laboratory Tests, Turbidity \ 
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CHEMICAL OXYGEN DEMAND AND COD/ BOD RELATIONSHIPS 



DEFINITION 

The Chemical Oxygen Demand (COD) test 
is a measure of the oxygen equivalent of 
that portion of the organic matter in a 
sample , that is susceptible to oxidation 
under specific conditions of oxidizing 
agent, temperature and time. 



B A variety of terms have been and are used 
for the test described here as COD: 

1 Oxygen absorbed (OA) primarily in 
British practice. 

2 Oxygen consumed (OC) preferred by 
some, but unpopular. 

3 Chemical oxygen demand (COD) current 
preference. 

4 Complete oxygeir demand (COD) 
misnomer. 

5 Dichromate oxygen demand (DOC) 
earlier distinction of the current pre- 
ference for COD by dichromate or a 
specified analysis such as Standard 
Methods. 

6 'Others have been and are being used. 

Sinc^ I960, terms have been generally 
agreed \xpon within niost professional 
groups as indicated in I- A and B-3 and 
the explanation in B-5. 

C The concept of the COD is almost as old 
as the BOD. Many oxidants and varia- 
tions in procedure have been proposed, 
^but none have been completely 
satisfactory. 



1 ' Ceric sulfate has been inve«ti| 



but in general it is not a^str 
oxidant. 




Potassium permanganate was one of 
the earliest oxidants proposed and 
until recently appeared in Stanc^ard 
Methods (9th edj ) 'as a standard pro-^ 
cedure. It is currently used in ' 
British practice as a»4-hr. test at 
room temperature. 

a The results obtained with pe]:man- 
ganate were dependent upon concen- 
tration of reagent, time of oxidation, 
temperature, etc. , so that results 
were not reproducible. 

Potassium iodate or iodic acid is an 
excellent ^oxidant but methods employing 
this reaction are time-consuming and 
require a very close control.. 

%• 

A number of investigators have used 
potassium dichromate under a variety 
of conditions. The method proposed- 
by Moore at SEC is the basis of the 
standard procedure. 2) statistical 
comparisons with other methods are- 
described. 

— — . . «. , 

Effective determinatibn of elemental 
carbon in wastewater was sought by 
Buswell as a water quality criteria. 

a Van Slyke^^^ described a carbon 
determination based on 'anhydrous 
samples and mixed oxidizing agents 
including sulfuric, chromic, iodic 
and phosphoric acids to obtain a 
yield comparable to the theoretical 
oh a wide spectrum of components. 

b Van Hall, et al. , used a heated ^ 
combustion tube with infrared 
detection to determine carbon quickly 
and effectively by wet sample 
injection. 



6 Current development shofrs a tferid to 
InEtriunentaLl metfacds automating 
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Chemictl Oxygen Demand and COD/BOD> Relationships 



conventional procedures or to seek / 

elemental or more specific grbup. y 
determination. ' / ' * S,r 

» « >' 

.n RELATIOJJSHIP OP THE COD WIIH 
OTHER OXIDATION CRITERIA IS ' . 
INDICATED IN TABLE l^- '' 

A Table 1 ' * ' ' . ** 



Test 


Test 

Tejnap. °C 


Reaction 

time^" 


Oxidation 
system 


Variables 


•> BOD 


20 

• 


days 


Biol, prod, 
Enz.- Oxidn. 


Compound, environ- 
ment, biota, time, 
numbers. .Metabolic 
acceptability, etc. 


COD* 


145 


2 hrs. 


. 50% H2SO4 
K2Cr207 
May be cata- 
lyzed 


Susceptibility of 
the test sample to 
the specified 
oxidation 


IDOD 


20 


15« 


Diss. oxyg. 


Includes materials 
rapidly oxidized by 
'direct action, , 
Fe , SH. 


Van Slyke 


400+^ 


1 hr. 


H3PO4 

^Cr207 
Anhydrous 


E:|fellent approa^ch 
— to- theoretical oxi- 
dation for most • 
compounds (N-nil) 


Garbon-dettti 

• 


— 




Carbon by 
^ combustion. 
.+IR 


950 
* * 


minutes 


Oxygen atm. 
catalyzed 


" • E 

Comparable to 
theoretical for 
carbon only. 


Chlorine 
Demand 


' 20 


20 min. 


HOCl soln. 


Good NH3 oxidn. 
Variable for other 
compounds. 



B From Table 1 it is apparent that Nidation 
is the only common item of^ls series of 
separate tests. 

1 Any yelatipnships among COD & BOD 
or any other tests are fortuitous be- 
cause the t^sts measure Uu 



1' 



the oigidizability of a given sample 
under specified conditions, which are 
different for each tiest. 

2 If the sample is prmarily composed 
of compounds that are*t>xidized by 
both procedures (BOD and COD) a 
i:elationshlp may be established. 
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i- Chemic ^^^agggea-Demand and COD /BOD Relationships 



a. The COD procedure may be sub- 
stituted (with proper qualifications) 
for BOD or the COD may be used 
.as an indication of the dilution 
required for setting up BOD 
analysis. 

b If the sample is characterized by a 
predominance of material that can 
be chemically, but not biochemi- 
cally oxidized, the COD will be , 
greater than the BOD. Textile 
wastes^ paper mill wastes, and 
other wastes containing high con- 
, centrations of cellulose have' a 
high COD, low BOD. 

c If the situation in item b is reversed 
the BOD will be higher than the 
COD. Distillery wastes or refinery 
wastes may have a high BOD, low 
COD, unless catalyzed by silver 
sulfate. 

d Any relationship established as in 
2a will change in rei^ponse to * 
sanq)le history and environment. 

• The BOD tends to decrease more 
rapidly than the COD. Biological 
cell mass or detritus prii>duced by 
biological action has a low BOD 
— -but-a-r^latively^igh-GOD. — The- 



4 COD results are available while the 
waste is in the plant, not several 
days later, hence, plant control is 
facilitated. 

5 COD results are useful to^indicate 
downstream damage potential in the 
form.of sludge deposition. 

6 The COD result plus the oxygen equiva- 
tent for ammonia and organic nitrogen 
is a~good estimate of the ultimate BOD 
for many nfunicipal wastewaters. » 

B Limitations 

1 ResAts are not applicable for es^mating 
. BOD except as a result of experimental 

evidence by both methods on a given 
sample type. 

2 Certain compounds are not susceptible 
to oxidation under COD conditions or 
are too volatile to remain in the oxida* 

• tion flask long enough to be oxidized. 

Ammonia^ anMnattc hydrocarbons, 
saturated hydrocarbona« pyridine, and 
toluene are exanq)les of materials with 
a low analytical response in the COD 

tSLSL 



COD/BOD ratio tends to increase 
with time, treatment^ or conditions 
favoring stabilization. 



m 



ADVANTAGES AND LIMITATIONS OF 
THE COaTEST<2) AS RELATED TO BOD 



A Advantages 

I Time^ Manipulation, and equipment 
costs are lower for the COD test. 



Dichromate in hot 50% sulfuric .acid ' 
requires close control to maintain 
safety during manipulation. 

Oxidation of chloride to chlorine is not 
closely related to BOD but may affect 
COD results. 

It is not-advisable to e:q>ect precise 
COD results on saline water. 



COD oxidation conditions are effective 
for a wider spectrum of chemicsQ 
compounds. 

COD test conditions can be standardized 
more readily to give more precise 
results. 



IV BACKGROUND OF THE STANDARD 
METHODS COD PROCEDURE 



:<5Dpr 



.(1) 



The COD procedure con side3?ed dichro- 
mate oxidation in 33 and 50 percent sul- 
furic acid. Rpsults indicated preference 
of the 50 percent acid concentration -for 
oxidation of sample components. This is 
the basis for the present standard 
procedure. 
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Chexnlol Oxygm Demand aad COD/ BOD Relationships 



B 



Muers^^^ suggested addition of , silver 
sulfate to catalyze oxidation of certain 
^ loTfr molecular weight aliphatic acids and, 
alcohols. The catalyst also improves 
oxidation of most other organic coiiiponente 
to some extent but does not make the COD 
test tmiversally applicable for all chemical 
pollutants'. 

The immodified COD test result (A) includes 
oxidation of chloride to chlorine. Each mg 
of chloride will have a CDD equivalent of 
D. 23 mg. Chlorides must be determined 
in the sample and the COD result correcfod 
accordingly. 

1 For exan^le^ If a sample shows 300 
mg of COD per liter and 200 mg Cl" 
per liter the corrected COD result will ' 
be 300 -(200 x 0.23)or 300 - 46 = 254 
mg C<3d/l da a chloride cdrrected baais 

2 Silver sulfate addition as a catalyst' - 
tends to cause pstrtial precipitation of 
silver chloride .even in the hot acid^ solu- 
tion. Chloride corrections are qtieis- ^ 
tionable unless the chloride is oxidized 
before addition of silver sulfate, i,^e.,^ 
reflux for 15 minutes for chloride'W-. 
idation, add Ag' SO , and continue the 
r«fl«DC or iv5e^orHgSO.(D). 



\ 

iittc 



Dobbs and Williaim» proposed prior 
comple3tation of chlorides with HgS04io 

nt-chloiHkie-oxidation-4uri^ 
A ratio of about 10 of Hg"*^ to 1 of CJ" (wt. 
basis) ""appesirs essential. The CI' must 
be complexed in acid solution before addi- 
tion of dichromate and silver sulfate. > ^ 



1 



For tmexplained reasons the 'HgSO^ 
complexation .does not completely * ^ 
prevent chloride oxidation in^ the . ^ 
presence of high chloride concentra^oris. 

Factors have been developed to provide 
some estimate of error in the result 
due to incomplete control of chloride 
behavior. These tend to vary with the 
sample and technique employed.^* 



'4000 mg/L The. error in chloride 
determination may give negative COB 
results upon application of the correction^ 

• Incomplete owitrol of chloride oxidation 
with SgS04 nfey give equally confusing ' 
results. 

o 

HgSO^^ appears to give precise results 
for eoD when chlorides do not exceed 
about 2000 mg/L Interference in- 
^ creases with increasing chlorides 'at 
higher levels. 

F The 12th edition of Standard Methods re- 
duced the amount:of sample and reagents 
to 40% of amounts utilized in previous 
editions. There has-been no'fehange in 
the relative proportipns in the test. 'This 
step was tfiike'n to reduce the cost of pro- 
viding expensive njercury and silver sul- 
fates required. Results are comparable 
as longa§ the proportions are identical. 
Smaller aliquots of sample and reagents . 
require more care during manipulation 
to promote precision, 

G The EPA Methods for COD ' ^ 

1 Por^routine Ifevel COD (samples having ' 
dxi organic* carbon concentration- ' 
' greater than 50 mg/ liter and a chloride 

, cortcentratioh less than 2000 mjg/liter), 
E>PA has a procedure entitled, 
'*Titrim^tric, .mid-level." 



For low level COD (samples w:ith less 
than 50 mg/ liter organic carbon and 
chloride concentration les^ than 2000 
mg/ liter), ,EPA provides an analytical 
procedure \ The .difference from 
the rojitine procedure primarily in-' * 
volveH^ greater sample volume and 
mcJre' dilute, solutions, of dichromate 
and ferrous ammonium sulfate . 



It is not likely that C:OD results will be 
'precise for" samples containing high 
Chlorideil. ^Sea water contains 18^00 to 
21000 xngpy/L normally. Equivflent f 
chloride correction for COD eice^dfl 



Fbr salinfe samples (chloride ^evel 
exceeds lOOt) mg/ liter), EPA provides 
an analytical prcFcedur^^^^ involving 
preparation of a standard curVe pf COD 
versus mg/ liter chloride^to correct 
t]ie calpulations. . Volumes and concen- • 
tfr'ationS'for the sample ^arirf reagents ^ . 
are adjusted, for this typ^ o^ detettoination 
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Chemical Oacy^en Demand and COD/BOip Relationships 



V PBECISION AND ACCURACYp^ 

Eighty 9ix analysts in 58 laboratories 
analyzed a distilled water solution contain- 
ing oxidizable organic material equivalent 
to 27,0 mg/LCOD* The standard deviation 
was ± 17. 76 mg/LCOD .with an accuracy 
as percent relative error (bias) of -4. 7%< 
For a solution equivalent to. 12. 3 mg/L 
COD (low level), the standard deviation 
was i 4. 15 mg/L with an accuracy as percent 
relative error (bias) of 0. 3%. .(EPA Method 
" Research Study 3) 



VI • REMARKS PERTINENT TO BFFECTIVK 
COD DETERMINATIONS INCDUDE: 

A ' Sample size and COI? limits for Ol 260 N 
reagents are approximately as given. 
For 0. 025' N reagents multiply COD by 
0. 1. Use the weak reagent for ,COD!s 
in the range of 5-50 mg/L* (low level). 



Sample Size"" 

' 20 ml ^ • 

10 ml ' 
'5 ml 



mg COD/Uter 

' 2000 , 
4000 
8000 



Most organic materials oxidize rela- 
tively rapidly luider COD test condi- 
tionST — A— significant-fraction~of 



oxidation occurs during the heating upon 
addition of acid but the orange color of 
dichromate shouldTcsj^iain. If^the 
sample color changes from orange to 
green^fter acid addition the sample was 
too large. Discard without reflux and 
riepeat with a smaller aliquot until the 
color after niixing doe6 not go bejr9nd 
a brownish hue. The dichromate color 
change is less rapid with sample com- 
ponents that are slowly oxidized under 
•COD reacj^on condition^. 

Chloride cpncentrations should be known 
for all tesf samples so apprc^riBt^ 
a^aljrticsd: techniques can be used«, 



Keep the apparatus assembled 
when not* in use, ^ x 

Plug the condenser breather tiibe 
with glass wool to minimze dust 
^entrance. • # 

Wipe th§ upper part of flask 
and loyiTer part of the condenser 
^ith a wet tdwel before disassembly 
to minimize sample contamination. 

steam out the condenser after use 
-for high concentration samples^ and 
periodically for regjilar samples. 
Use the regular blaiik ^reagent ^mHx 
^and heat, without. use ^of con4ense\ . 
;water, to clea^l the apparatus of \ ^ y 
r^esidual oxidizable components, 

- Distilled water and sulfuirtc acid 
must • be of very high quality* to • 
maintain low blanks on the refluxed 

^ samples f9r the 0. 025 oxidant. 



,VII NPDES METHODOLOGY, ' . 

Under the National Pollutant 'Discharge 
EUmination ^ysleifit^-^ accepted method * 
can be found in 5tand^rd Methods, ASTTVL ' 
and the EPA manuals See tfie current ^ nd 
NPDES~<3uidelines for page number^. ^ 
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LABORATORY PROCEDURE FbR ROUTINE 
LEVEL CHEMCAL OXYGEN DEI\y^ 



I REAGENTS , ' ^ • 

' ■ I 

A Standard Potassium Dichromate (0. 250 N)': 

Dissolve 12. 259 g of primary stan^arc) grade 
K^Cr^O , which hks been dried at M)3^ C 
for two hours, in distilled water and dj^.u'te 
to one liter. >' - 

a 

B Ferrous Ammonium Sulfate (0. IN): 

Dissolve 39 g^of Fe(NH^USO.)^- SU^O in 
distilled water. '^'^ . 

Carefully add 20 ml of concentrated HgSO 
Cool and dilute to one liter. 

C Ferroin Indicator: • * 

' ■ . h ■ 

bissolve 1.485 g 1, lO-phenanthrol^ne 
i^^nohydrate afid 0. 695 g FeSO^' YHgOin 
water and dilute to 100 mj. TJtus indica- 
tor may be purchased already prepared. 

» 

D' Concentrated Sulfuric Acid (36 N): 

E Mercuric Sulfate; /Analytical Grade 

F Silv^ Sulfate: AnalyticallGrade 

G' Concentrated Sulfuric Acid - Silver Sulfate: 

Dissolve >,22 g of silvjgr sulfate in a 9 lb 
, .bottle .of concentrated' sulfuric acid. (4-5 
. • hours, witl^ stirring, for "dissolution) 



denser and fiask witii distilled water. In o^der 
to prevent contamination from air -borne particle 
^['e-^assemble-the apparatus. The top of %e con- 
denser should be lightly plugged with glass wool 
during storage and use. 



III. 



STANDARDIZATION^^ ^ OF FERROUS 
AMMONIUM SULFATE > 

A* Measure 10.0 ml of the standard potassium 
dichromate sol. into a 500 ml, wide mouth 
'^rlenmeyer flask. 



tfp B Add about 90 ml distilled water and mix. 

C Xdd 30 ml of concentrated H^SO and cool 
the mixture to room tempersfture. 
» * m 

D Add 2-3 drops of ferroin indicator and titrate 
to a reddish-brown end point with the ferrous 
^ ammonium sulfate sol. . 

E Calculate the normality, N, of the ferrous 
ammonium sulfate sol. : 



N of Fe(NH^)2 (80^)2 = 



ml KgCr^O^ x N of K^Cr^O^ 
ml Fe(NH^)2(SO^)2 



IV PROdEDURE 



U EQUIPMENT RREPAR^TION 

Before ttw^ ^the ErleniAeyer flask -<600 ml, - 
24/40^standard taper joint) and reflux condenser 
(300 mm jacket Liebig, West or equivalent) 
wiih*24/4a standard taper joint, should be 
steamed out to refnove trace organic contami- 
nants. Add iO ml of 0. 250 N KlCr^O SO ml 
of distilled water, and several noilmg stones 
to the flask. CarefJilly add 20 ml of -concen- 
J trated HgSO . and mix thoroughly. Connect 
the flask anq condenser^ but do not turn on 
the water IK the condenser. Boif the i^iixture 
' soihat steam emerges from the top of the con- 
• denser for several minutes. Cool the nalxture;- 
carefully discatd the acid, and rinse the con- 



O LO.oc.lab.-3e.8.78 



A Pipet 20 ml of sample (or pipet a smaller 
portion of^ sample and add enough distilled 
- water to' ms^e a 20' ml volume) into a 500 
ml 24/40 standard taper. Erlenmeyer flask. 

• B Add 0. 4 g mercuric ^^ate. 

C Add 6-10 boiling chips. 

D Slowly add 3 ml of concentrated sulfuric 
acid and swirl to dissolve the mercuric 
sulfate. (Some solid may remain). Cool' 
whil^ mixing. ^ - . 

E Add 10.0'ml of the 0.250 Npotassium 
dichromate* soU and mix. '"^^ 
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F Attach the flask to the condenser and staift * 
the cooling Water. . . 

G Slowly^add 27 nai of the sulfuric acld-'silver 
stilfate reagent through the open end of the 
condenser. Try to mix the contents while 
adding the acid. 

^ V 

H CAUTION: v After adding the acid, swirl the 
flask to thoroughly naix the contents. Other- 
wise^local heating can occur in thebpttom of 
the flask and the .mixture may be Blown out 
of the condenser. 

^ 

I Plug the open end of the condenser with glass 
wool or cover with a small beaker (depending 
on construction) to prevent intrusion of 
contaminants. 

J Xurn on the he'at source and reflux the ixiix- 
ture for 2 hours after boiling begins. \ 

K Turn oft the heat and allow the solution to 
cool. Then turn off cooling water. 

L Wash down the inside walls of the condenser 
with distilled water. 

M With a twisting motipn, disconnect the c6n- 
denser from the flask, then rinse the joint 
• so the rinses go into the^ask. , 

N Add distilled water to the flask for a total 

volume of about 130 ml. 

> • 
O If the mixture is still warm, cool to^room 

temperature* 

p Add 2-3, Adps of ferroin indicator and miic. 

Q Titrate the excess dichromate with standard 
ferrous ammonium sulfate sol. to a reddish 
brown end point. ^ ' * 

g — Arblank^-conaistiag of 20 ml of distilled water 
and containingliirtfie^test-reagentsjs^^i^ 
be refluxed a^d titratealSi the same iixamer^ 
as the sample. ^ * 



CALCULATION ' ^ ' 

• (A-B) N X 8 x 1000 
mg COD/L- xnl of sample 



COD = chemical oxygen demand 

A = ml Fe (NH^)2<SO^>2 ^^^^ 
B = 1x4 Fe(NH^)2(SO^)2 used for sample 
N = N of Fe(NH^)2(SO^)2 * • " ' 

8 = equivalent weight of oxygen 
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jL^i*atory Procedure For Routine .Level Chemjc&l Oxygen Demand 



DATA SHEET 



^ . ml of K«Cr O used to standardize ^e ^rrous ammonium sulfate {t'AS) ^ 
^ lO^O' , ' /' ' 



N of KgCr'gO^ = 0, 25 
_ml 6fJF*Agused-to titrate the KgCr^O^' = 

N FAS 

r ' ml FAS ' 



2.5 



^'ml FAS used for blank, £l==: 



^ml FAS uised for sample, b = *^ ^ ^ . *» " ' ^ 

\ml sample = • ^ . . • ' *^ \ 



(a - b) X N^AS X 8 X 1000 



COD. in xng Uter ... ^ ^^^^^^ 



( - - ) X ; .. X 8.'/ lOOQ. 
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PHOSPHORUS IN THE AQUEOUS ENVIRONMENT* , 



I Phosphor\zs;is closely associated with 
water quality bec^use^'of (a) its: role in - 
aquatic productivity such as algal blooms, 
(b) its sequestering action, which causes 
interference in coagulation, (c) the difficulty 
of removing phosphorus from water to some 
desirable low concentration; and (d) its 
•characteristic of converting: from one to x 
another of many possible forms. 

A Phosphorus is one of the 'primary nutrients 
such as hydrogen (H), -carbon (C), 
nitrogen (N)i* sylfur (S) and phosphorus (P). 

1 Phosphorus is imigue among nutrients 
in that its pxicfetion does not contribute 
significant ^nergy "because it commonly 
exists in oxidized form. 

2 Phosphonii^^fs intimately involved in 
oxidatiyi^j||fergy release from 
synthesis '*6f other nutrients into cell 
mass ^ia: 

a " Transport of Nutrients across 

membraiies into cell protoplasm is 
likely to ^include phosphorylation. 
^ * ♦ 

b The release of energy for meta- 
bolic piurposes is likely to 
include a triphosphate exchange 
mechanism^ 

B Most natural waters contain relatively low 
levels, of P (0. 01 to 0. 05 mg/L) in the ^ 
soluble state during periods of signific^t 
• productivity. - 

. 1 Nietabolic activity tends to convert 

soluble P into ceH.mags (organic P) as 
a part of the prp^l^sin^ intermediate 
, products, or soi^bed material. , 

.begjradatipn of cfell«mas6 and mcidental 
• "iF cbhi^'ouiyds' resiUtain# feediba^ 
lysed P {o ihe water at rates ^Verned 
by the of P and the 'environitnent, 
'.Aquatic metaboUc kinetics -show marked 
"T.- influences^p|':thi3*/eedba<ik. •. ^ 



The concentrations of P ih bydrosoils, 
sludges, treatment plant samples and 
soils may range from 10^ to 10^ times 
that in stabilized surface water. Both 
concentration and interfering compo- 
.nents affect applicability of analytical 
techniques* , • 



"The-primary source* of phosphorus in the' 
aqueous system is of geological origin. 
Indirect sources are the processed mineral 
products for use in agriculture, household, 
ihdustry or other activities.. 

A Agricultural fertilizer run-off is related 
to chemicals applied, farming practice 
and soil exchange capacity. 



B Wastewaters primarily of domestic 

origin contain^ajor amounts of P from:"* 

1 Human* animal and plant residues 

2 .Surfactants (cleaning agent) discharge 

3 Micr/Obial suid other cell masses 




iSifius 



C Wastewaters primarily of mfiustrial 
origin contain P related to: 

1 Corrosion control 

2 Scale ccjhtrol additives 

' 3 Surfactants or dispersants 

4 Chemical processing of materials 
Jin eluding P 

5 Liquors from clean-up operations of 
dusts, fumes, stack gases, or other 
dischargfes 



m Phosphorus terminology i^ commonly 
confused becaui^e of the interrelations among 
biological, cheinical, engineering,, physical, 
and analytical factors. * * 



CH.PH0S.4e.lU 80, 
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Phosphorus in the Aqueous Environment 



A Biologically, pfiosphorus may be available 

* as a nutcient, synthesized into living mass, 
stored in living or dead cills, agglo^herates, 
or mineral complexes, or converted to 
degraded materials* 

B Chemically, «isfsTn'several mineral 
and organic forms that may be converted 

^ * from one to another under favorable 
conditions. - Analytical estimates ai'e 
based uponphysical or chemical techniques 
necessary to" convert various forms of P 

• 'into ortho phosphates which alone can be 
*quantitated'in terms *of the molybdenum 
blue colorimetric test. 

C Engineering interest in phospliorys is 
related to the prediction^ treatment?, or 
control of aqueous systems to favor 
acceptable water quality objectives. 
Phosphorus removal is associated with 

, solids removal. 



Solubility chai'act eristics of the sample 
P or more precisely tlie means required 
to clarify the sample. 



Any^ clarification method is subject 
to incomplete separation. Therefore, 
it is essential to specify^^the method 
used to interpret the yield factor of 
the separation technique. The 
degree of separation of solubles 
and insolubles will be' significantly 
different for: ♦ ^ 



Membrane filter separation 
(0.5 micrometer pore size) 

C^ntrifugation (at some specified 
rpm and time) 

Paper filtration {specify paper 
TiCFentification) 



Soltibility and temperature are major 
physical^ factors in phosphoms-behavior. 
Soluble^ is much more availalple than 
insoluble P for chemical or 'biological 
transformations ^d the rate of conversion 
from one to another is strongly in^uenced 
by temperature. 

Table 1 includes a classification of the 
four main types of chemical P and some 
of the relationships controlling solubility 
of each' group. It is apparent that no 
clear-cut separation. can be made on a* 
solubility basis as molecular weight, 
•substituent and other factors affect 
l<Jlubility, . , ■ 



Table 2 includes a scheme of analytical^ 
differentiation ofxvai'ious forms of P 
based upoff{% 

1 The technique required to convert an 
imknown vai^iejy of phosphorus into 
ortho P which is the only^oije quanti- ; 
tated by the c%loriii?|fi:ic*t^dt^^ - ^ * 



Subsidence (specify time and 
conditions) *^ 



Analytical separations (Tabl^<2) like those 
in Tible 1, ^do not give a precise separa- 
tion of the variops forms of P which may 
be .included quantitatively with.,actho or 
poly P. Conversely sdme/^fihe poly and 
organic P will be inclti^^ with ortho P if 
they have been pairtiaUy hydrolyzed 
during storage or aj^ysis. Insolubles 
may likewise be irfcluded as a result of . 
poor separatiortjind analytical conditions 



The separation methbds provide an 
operational type of definition adequate 
in most situations if the "operation" - 
is known.. Table 2 indicates the nature 
of- incidental P that may appear along , 
Vith the type sought. * 
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Table' 1 



PHOSPHORUS CDMPOUNPS CLASSIFIED BY 
CHEMICAL*ANI> SOLOBtilTY RELATIONS 



Form 



1. Ortho phosphates 

(POJ'^ 

4 ' 



Water Soluble 



(1) 



Combbied'with monovalent 
cations such as H,'*' Na,'*'K,"^Hl' 



Idsoluble^-' 



/: 



Combined with multi 

valent cations such 

^ +2 ^,+3^ +3 
as Ca Al Fe 



2. Poly phosphates 

and others depending upon . 
th e ' degree of dehydration. 



as in 1 above 

Iiicr^asing dehydration 
decreases solubility 



(a) as in 1 above 

(b) multi P polyphosphates 
(high mol. wt. ) in- 
cluding the "glassy" 
phosphates 



3. >prganic phosphorus 



Ni^rgamc pnos 
^■R^, R-P-R 



(2) 



(unusually varied nature) 



(a) certain chemicals 

(b) degradation products 

(c) enzyme P 

(d) phosphorylated nutrients 



(a) certain chemicals 

(b) cell masSf may be 
colloidal or agglom- 
erated 

(c) soluble P sorbed by 
insoluble residues 



4. Mineral phosphorus 



(a) as in 1 above. 



(a*) as in 1 above 

(b) as in 2 above ^ 

(c) geological P suchxafe 
pho^hosilicates 

(d) certain miheral com-' 
'plexes/ 



(1) Used in refereQ.ce to predominance under common conditions 

(2) R r«pr*swto an organic radical, Pre^esexxts P» ^^4' 



derivatives. 



2 Total P in Table 2 includes liquid, and 
separated residue P that^may exist in x « 
-the whole sampfe including silt, organic . 
f sludge^ or hydrosoils. This recognizees ^ 



that the feedback oi soluble P from 
deposited or suspended material has ^ 
real effeQt up fa the kinetic^ otthe 
.aqueous environment'. , * *• 



I^gpboruB in the Aqueous Environment 



Table 2 



PHOSPHORUS COMPOUNlJs CLASSIFIED BY 
ANALYTICAL IVtETHODOLOGY'' 



Desired P Components ♦ 



Technique 



(1) 



Incid^tal P Included 



(2) 



Ortho phosphates 



No treatment oh clear 
samples 



Easily hydrolyzed 

(a) poly phosjihates - 

(b) organic .-P* - 

(c) Mineral -P, + or 



2. Polyphosphates 
(2)-(\) i^poly P 
(hydrolyzable) 



acid hydrolysis on'cleatr 
samples^ dilute ^ 

(a) HgSO^ 

(b) HCl 
heated 



(a) ortho-P + ' 

(b) jorganic -P + or 

(c) mineral -P + pr 



3.' Organic phosphorus 
^»(3) - (2) + orgP 
^ ' (hydrolyzable) 



acid + oxidizing hydrolysis 
on whole sample, dilute 

r 



(a) H„SO + HNO, 

24 3 

(b) H^SO^ + ^^^)2%% 



(a) ortho P + 

(b) poly P 

(c) miri^al P + or 



heated 



4, Solubl€kphosphorus ^ . 
\ (preferlbiy classified 
\by clarification method) 

:-\ '-x. 


^cOarifled Uaaid foitewing 

"filtraJiouf-centrifugationN. , 
^or.. subsidence \ 


generally includes 
• (a> 1, 2, or 3 

(b) particulates not 
• completely separated 


5« Insoliible phosphorus 
(residue from clari- ' 
fication) " , 


Retailed residaea separated 
. during clarification 
See (6) 


(a) generally includes 
, sorbed or complexed 
solubles/ 



6» Total phosphorus 



*all components in 
1, 2, 3, 4, 5 in the 
jfhole sample 



. Strong acid + oxidant . 
digestion 

(alH^SO^.+ HNOg ^ 

({)) H^SO^ + HNO^ + HaO, 
^ ^ 4 6 ^ 4 

(c) HgOg H- MgCNOg')^ fiision ~ 

'\ 

(1) Determinative step by phospho molybdate colorimetr^c method. 

(2) Codingi^+ quantitative yield 

- a small frafction of the amount present 

,+ or - depends upon the individual chemical and sample history 
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IV Pofyphbsphates are ot major i,nterest in 
cleaning agent formulation* as dispersants, 
. and for corrosion- control. 

A "^They are prepared by dehydration of ortho 
pliosphates to form products having^two or 
^ more phosphate derivatives per molecule. 

' 1 The simplest polyphosphate may be- 
prepared as follows; 



NaO. 




^ O 




= O 



mono sodium ortho * 
phosphate (2) 

I 



O 



disodium dihydrogen 
polyphosphate 



'2 The general form for producing 

polyphosphates ffom niono substituted 
orthophosphates is:, 



CNaiPG,)" + n H^O 
on 2 



3 Di- substituted ortho phoSphates^or 
6 mixtures of substituted ortho phosphates 
lead to other polyphosphates: ; " 



insoluble polyphosphate than the same 
cation in the form of insoluble ortho 
phosphate. Insolubility increases-with 
the number 6f P atoms, in the 
polyphosphate. The "glassy" .poly- 
phosphates are a special group with* 
limited solubility that are .used to aid " 
corrosion resistance in pipe distrtbu- 
• tion systems and similar uses. 

B Polyphosphates tend to hydrolyze or 
"revert" to the ortho P form by a'ddition 
of water. This occurs whenever ) 
polyphosphates are found in the aqueous 
environment. . 

1 Th? major factors affecting the rate of 
reversion of poly to orthophosphates ^ 
include: • 

a) Temperature; increased T increases 
rate 

b) pH, lower pH increases rate , 

cl Enzymes', hydrolase enzymes 
increase rate » , 

I 

d) Colloidal gels, increase rate 

e) Complexing cations find ionic 
con cent if^aLon increase rate . 

f) Concentration of the polyphosphate 
-increases rate 



NaH PC, 
•2 •* 



■ Heat , 



disodium hydrogen 
ortho phosphate 



mono sodium 
at hydroj^en 
ortho phosphate 



pentasodium 
trt'phosphatc 



-4 The polyphospf^ate series usUfilly 
• , consist of the polyphosphate' anion ^ 

with a negative charge of 2 to 5. 
. Hydrogen or metals comnionly occupy 
these sites. The polyphosphate can be 
further dehydrated by heat as long as 
hydrogen remains. Di or trivalent 
cations generally produce a more 



■i8i 



Items' a, b an^ c have a large effect 
upon reversion rate compared with 
.otheir factors listed. The actual*^ 
reversion rate is a;combinaJion of 
listed items and' other conditions or 
characteristics. • . ^ ' 

The differences arrfong ortho and ortho 
+ poljjphosphates commonlj^ are close to 
experimental jerror of the colorimetric 
test in stabilized surface water samples. 
A signific'ant difference generally*' 
in'dtcates that the sample was obtained 
relatively close to a sfeurce of poly- 
phosphates and was {promptly analyzed. 
This" imj^lies that the reversion rate of 
polyphosphates. i§ much higher than^. 
generally believe<^. . ^ ^"""^"'^ * 
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V SAMPLING AND PRESERVAXION ' 
TECHNIQUES ' 

A Sampling 

1 Great care should'be exercised to 
exclude any benthic deposits from 
water samples, 

2 Containers should be cleaned In the 

s ame manner as labware (see yi. B.l. 
below). ^ 

3 Certain plastic containers may be 

^ used. Possible, adsorption of low con- ' 
centrations of phosphorus should be , 
checked, 

'4 If a differentiation of phosphorus, forms 
is to be made, filtration should be- 
carried out immediately upon sample 
collection, * A membrane filter of • 
0.45* urn pore size is 'recommended for 
•reproducibi^separafions , 



B Preservation 



If at all possible, sanfples should be 
analyzed on the day of collection. At ' 
best, preservation measures only 
retard possibly changes in, the* sample, 

a Possible physical changes include 
solubilization, precipitation, 
absorption on or de sorption from 

* suspended matter, * 

b Possible chemical changes include 
reversion of {)oly to ortho P and 
decomposition of organic or min- 
eral P. • ^ 



Possible bjiological changes 
im^lude microbial decomposition ^ 
of orrganie P and algal or ' 
bactprlaVgrowtk formixSjj orga«io'!l^. 



If it is iifipossibl^tp do total phos-/ 
phorus ^eterminattbns oa the. day 6f 
collection, 'refrigerate ar4'*C tod ' 
add 2 n:il conceafrated HoSO^ per 
liter. .Liinit of holding'jfer sainpleij 
thus preserved Is 24 hours. (6) 




a Refrigeration decreases hydrol ysis 
and reaction rates and also losse;^ 
due to volatility. 

^ • b Sulfuric acid linjits biological 
crhanges, 

\ i 

c Mercuric chloride-also limits 
bi'plogic^l chang^es, but interferes 
wi^ the analytical procedure if 
the chloride level is less than 50 mg 
Cl/jliter, .(See VI B. 2., below). 
Disposal of fnercurj^-containing 

test wastes also adds time to the' 

procedure. 

' 3 Consult the EPA Methods Manual<6) 
« 

, for preservation measures applicable 
to samples collected to determine 
various fractions of phospho^i'us, 

.VI THE^EPA ANALYTICAL PRGOEDUREf^^ 

A ^ > This is a colorimefric, determination,' 
speAjlc for orthophosphate. Depending 
dn*the 4iature of the saniple and on the 
y( ^ type^of da*a sought, the'procedure in- 
volves -twa general operations : 

1 .Conversion of phosphorus forms to 
soluble ortitophosphate (See Fig. !)•' 

a sulfuric lacid-hydrolysis for 
polyphosphates, and some • 
» . organic P compounds^ 



* ' b persuHate digestion for organic 
P compounds* 

The Qolor determJLns^tlon involves 
reacting dilute solutions of phosphorus 
with ammonium molybdate and * 
potassium antimbnyl tartrate in an 
acid medium to form an antimony- 
phosphomolybdate complex. This 
complex is reduced to an intensely 
blue- colored complex by-ai?corbic 
acid.^ The color is proportional to 
the orthophosphate concentration. 
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' Color ^sorbance is measured -at 
880 nm or'650irm and a concentration 
v!fldue<5mained using aqfetttttdard curve. ' 

Reagent preparation and the detailed 
procedure ban Be found in the EPA 
manual, . . • . 

The methods describ^ there irjk 
usable in the 0. 01 to 0. 5 mg/liter 
• phosphorus range. Thfs range c^- . 
be extended by dilution of samplesif • 
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FIGURE 1 

ANALYTICAL SCHEME FOR DIFFERENTIATION OF PHOSPHORUS FORMS 



Interferences • 

1 Erroneous results from contaminated 
gl^^sware is avoided by cleaning it 
witt hot l:f HCl, treating it with , 
procedure reagerits itnd rinsings with 
distilled water.^"^ Preferably this 
glassware should be used only for the 
determinafion of phosphorus and prp- 
tected from dust during storage. - 

" ' Commercial detergents shpuldfpf^eti 
be used. \ *. 

2 Low totaf phosphorus values have 
been reported because of possible 

* ^adsorption of phosphorus on iron, 
almnimmi, manganese or otiiier metal 
precipitates fojjpied in wastewater 
samples. 




^A^ter digestion, 'adjpst the pH of Hxe 
sample to 7. 0 '+ 0. 2 ^Xt IN NaOH 
using a pH |pefer. If sample is not 
clear^ add 2-3 diropMlN H^SO^ ' 
and filter. * / . 

Filter through phosphorus "free 
0.45 micrometer pore size cellulose 
filter.* See Standard Methods. (7) 
page 472 about washing filters before 
use, fince the discs can introduce * ^ 
significant phosphorus contamination. 

0 . ' ^ 



The total phosphorus procedure pequires 
a pH adjustment with a pH meter. Buffers 
made witii phosphates are used to calibrate 
the meter in the applicable range. The 
meter electrodes must be thoroughly flushed 
free of buffer before their use with phos- 
phorus test solutions. Otherwise, significant 
phofiphOTiis. contamination will result.. 

pthers have reported interference from 
^arsenic, arsenates, chlorine, chromium, 
sulfides, nitrite, tannins; lignin and other 
muieralt and organics at high concentrations. 

' Precision ^d Acburacy^^^ 

1 Organic phosphate - 33 analysts in 
19 laboratories analyzed natural 
\/ater samples containing exact in- 
crements of orga:tiic phosphate of 
0.*110, 0. 132, 0.772, and 0. 882 mg 
P/ liter. ^ ^ ^ , 

Standard deviations obtained were 
0.033, 0,051, 0. 130 and 0. 128 
respectively. , 

Accuracy results as bias, mg P/litef 
were: + 0. 003, + 0. 016,' + 0. 023 and 
- 0. 008, respectively. 

^ 2 Orthophosphate was determined by 
26 analysts in 16 laboratories using 
samples containing or^t^ophosphate 
in amounts of 0. 029, a. 038, 0. 335 
and 0. 383 mg p7 liter. 

Standard^deviations obtained were - ' 
* 0.010, 0.008* 0.018 and 0.023 respectively. 
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•Acctxra.cy: iresults as hias^^mg^Vlfter 
were -0*001, -0.002, -07009 and 
-0.007 respectively/ 

D Automated Methods 



The EPA. Manual also^contains a procedure 
for tHe automated colorimetry method using 
ascorbic acid as the reducing agent. 



vn 



VARIABLES JN tM COLORIMETRIC 
, PROCEDURE 

Several importaift variables affect 
formation of the yellow heteropoly 
acid and its reduced form, molybdenungi 
blue, in the colorimetric test for 

Acid Concentration during color develop- 
ment is critical." Figiire 2 shows that\ 
color will/appear in a sample contalnin^i^ 
^ no phosphate if the acid concentration 
is low* 'Interfering color is negligible . 
when th^ normality "Vith re3pect to *o 
^2^0^ approaches 0*4, ^ 
♦* 

1 Acid normality during color develop- 
ment of 0.3 tt> slightly more than 
0,4 is feasible for use. It is prefer- 
able to. control acidity carefiiUy and 
to seek % normality closer to the 
hi^er limits of the acceptable range. 

2 It is essential to add the acid gnd 
molybdate as one solution. 

3 The aliquot of sample must be' 
neutralized prior to adding the 
coloj: reagent. 




0.? 0.3 "0.4 05 0.6 

H2504 NomAuir 

■ , Figure 2 

0-PHOSPHATE COLOR 
VS AQDITY 



SC Choice of Reductant^ 



^Reagent stability, 
id freedom from 
ts are the bases 
Several re- . 



effective reduction^ 
deleterious side efite^ 
for reductant seleqtion, 
duct^ts have been used effectively. 
Ascorbic acid reduction is highly, 
effective in both iparine and fresh water. 
It is the reductant specified in the 
manual NPDES procedure. 

Temperature affects the rate qf colbr 
formation. Blank, standards, and 
samples must be adjusted to the same 
temperature l^C), (preferably room 
temperature), .before addition of the 
acid molybdate reagent, 

J 

Time for Color Development must be 
specified and* consistent. After addition 
of reductant, the blue color develops 
rapidly for 10 minutes then fades grad- * 
ually after 12 miautes. 



is? 
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DETERMINATION OF TOT-AL 
PHOSPHORUS ' 



B 



Deter,inifiatidh of to^ phosphorus 
cocteftt re^ttiieir tlie acid-^yflrolysis ^ 
suidpej^sulfate treatments, to convert 
all pb^phorus Q)rins to* tl\e* t^st- v ; 
^sensitive (M:^ophosp'hate.forrn.i • \ 



Determining total phosphorus (jontent 
•yields the mqs5t*me£ping|ul,^ta *since 
the various forms .c^^phosphoruli m^y ' 
change from ope' form, to. another in a' 
sliort penod'of.^tiftie^-*(Sf^|)art v; BiJ 



IX 



DBYEUOPMS^T OF A S' 
PROCEDURE • ^ 



1^; 
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^Phosphorus analysis received intensive 
investigation ; coordination and validation of 
.'methods is more difficult than changing 
technique.' ^ 

A Part of the problem in rietfejds arose 

because of changes in analytical objectives 
^ such as: ^ . - 

* - 1 ^Methods suitable to gather "survey" ^ 
, ♦ info rmation^ay^ not be adequate for ' 
' "/ "stand;ar^ls"/ 

• ' » 

2 . Methods acceptable foT^ water are nqt 
f .-.^necessarily effective in the pres^^c^ 
of significant minergl and organip 
interference characteristic o^ hydro- 
soils, marine samples, organic 
' ^ sijidges and^benthic deposits, 

|3^Ihterest has been centered on "fresh" 
w^ter. It was esseitfial to extend them 
for ma'rii\|e waters. ^ 



required adaptation -of methodology. 

'B ^Analysts 'have tended to work on their own 
' speciaTproblems. If the method * ^ 
apparently served their situations, it was 
tlsed. Each has a^ "favorite" scheme that 
' ^ay be quite effective but progress 
toward widespread application of '^o?l'e** 
, method has beenv slow. Consequently, 
^'^^ ^many methods are available., Rea'gent 
^ acidity. Mo content, reduct_ant,.and 

fiepartftloh techniques are the major 
^ variables. . ^ 

C The persulfate digestion and single reagent 
V (ascorbic acid) method des©i4feedJLruVI 
above is the only melliod currently 
listed in the Federal Register '/List of 
Approved Proce<3ures" for NPDES 
requirements. 

*^ 
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USE OF A SPECTRQPHOTOMETER 



I SCOPE AND APPUGATION . - 

A Colof^ynetry * ^ ^ 

Many Walter ^uaJLity ttets depend on a 
treating a series of calibration 's|a6idard 
solutions which coritain known boncentra- 
' , tions of a constituent of 'interest,, and also 
the sample(e) with reagents to produce a 

loreJ solution. The greater the concen- 
tration of the constituent, the .more intense* 
will be the resulting color. A spectro- 
photometer^is used t6 measure the aiiipunt 
of light of appropriate wavelength^^hich is 
absorbed by eqaH "thiclo^esses" of the 
solutions. -ResCilts from the standards 
arp.used to Construct a. calibration (standard) 
curve. Then the abs©rbance value for the * 
sample is located on the curve to 'determine 
the coj:*re'rfponding concentration. 

■ *i ■ 

B Lambe^r* Beer*Law ' • 

* ** 

States the applicable relationships: 
.* ' - A'' e b c * , 

1 -A;f 'absorbance • 

2 " e'= molar absorptivity \. . 

3 b = flight patti in cm 

4 c = coric^ntrati6n in moles/liter; 

II APPARATUS / 
A RjBquirements / 



, Are given as,part 'of the method ;|irue-up 

1 The applicable wavelength is » 
specified, '^he-unft used is. • . 
nanoilieters (nm). 

2 ' The light/path^(cell,aimension) 
Is often open-ended, e. g., "one 
cm or longer. Ome must know 



the light path length i^ the ' ' -"^ 
• available* spectrophotometer, 
because it is inve Wely 'related 
to the usable c6iltentratlQns in 
the test. (Longer path lengths 
detect lower concentrations).- 

3 NOTE:. For National Pollutant . ^ ' 
\Discharge Elimination System ' ^ 
(permit)^ or for Drinking Water 
Regulations test requirements.^^ , " 
check with the issuing/ report 
Tagency before using nghfpaths 
(cells) that differ from the length 
specified in the approved^ method.. 
If you have permission to use an 
alternate path length, concentra- 
>tions for the tesi caji be adjusted 
accordingly. These adjiisiments 
are discussed in IV and in VII (below). 



HI PREPARA^flON OF THE SPECTRO- 
PJIOTOMETE^r * 

A Phototube/ Filter ^ ^ 

1 May have to choose a phototu)3e for 
' « use^aabovft or below a particular 

wavelength. ' 



c ^ 



2 A filter may be, required. 

3 - If the available instrument involved^, 

a choice, chepk that the^hototub^^ * 
(and filter,. if applicable, ) required 
for th€^wav^ength to be use^i is in 
the instrumpiit. ^ 



4i\^ Always handle and wipe off the 
•/ plibtotiibe andAqr, filter with tissue 
•to ai^oid leaving fingerprints. 

% 

B Cell compartment • , 

- 1 This area must be kept-clean and 
dry at all tjLmes. 



'ISO 



22-1 



USE OF A-SPECTROPHQTOMETER 



C Cells 



1 A set must "match'* each other 
in optical properties. To- check 
this, use the same solution at 
the same wavelength, and verify 
^ that, the absorbance value is the 
sjahie for leach cell. 

2- Alternatively, a single cell can 
. be used if it is thoroughly rinsed' 
after each reading. 

3 Iifstrument cells should be free 
of scratches and scrupulously 
cle^n. " ^ 

a Use detergents, organic ' ^ 
solvents or nitric aQid- 
water. 



O b Caustic cleaning 'Compounds 
might etch the. cells*. 

c Diciironillte solutions are, 
; . not recomnfendfid because 
. f of adsorpti^' possibilities. 

. d Rinse with tap, then distilled^ 
water. . • 



e A final rinsing and^nong with 
alcoholrcwr ^cetone^j^ore 
^ * stoi;age is a* preferred practice.*^^ 

t)* Warm-Up ' * " ' > 
J • . ' ^ ' 

. ^ *1 F^ug. in tiij^ power* cord'. * "* \ ^ ^ 
^ ' '"^ - ' * <^ 

2 Turn the f>o^.er sw|tck o^ and.give 
^ it*^ ^^dditiqn^l half-tifrmto k^^fp;; * 
.* • * - ^ tb? needle f^m '4|>egging. ** 

' / ' : \ f • ^ ' - 

*^ * 3 i Wait \o use until ,<he recortoiep' 
\ • :warm-up*time has passeVf, 

wher^ from I'O to ^30 miQutes may 
be require^. 



E Wavelength Alignment , 

' One reference is the known, md^ximum. 
absorption for a dilute solution of potassium 
permangan^tte which has a dual peak at 
526 mn and 546 nm. Use i matched cells for .the 
following steps? \ 

1 Prepare a dilute solution of 

potassium permanganate (about ' • 

lomg/L).; ■ ; ^ 



2 Poliow the steps in .VI A, Zerping 
Qperation, using at wayelength of 
■ 5 llo nm, and distilled water as a 
"reagent blank;". Keep the water in th*e cell , 
durincr this entire procedure^ ^ * ' 



1 



A 



during this entire proced 

Rinse the matched cell two times 
with tap water, then two times with 
the permanganate solution; 



// 



. . 4 ]^ill the cell three^fourths full , ^ ^ 
with therpermanganate. solution. Keep the 
permanganate solution in this cell during this 
entire procedure. 

6 Thoroughly wipe the cell with 
a tissue. Hold the cell by the. • 
top edges. - • * . 

V 6^ Opent^e coyer and gently insert ^ 
4 the^cHir^igning it to the ridge 
as befbre. ^ -x 

» 7^ Close the cover* , 



, RecordL'thfe we^v^length and the^ • 
. absorbance reading on a^she'etof ^ ' 
, * paper. ' . 

9 . Remove the pell of permaiiganAte. ' 

* solution and clos^ the covers '^i''* \ 



4 If t&e instrunlent drifts during 
zeryoing, aliciw a*longec time. 



fSHneoSfed ^ 10 Set the'wavel^ftg^i control -at the^ ' * ^ • • < 

f/ . Aiiy- ^ _ ^ next graduation-^ 5nn0_. '\ ^ ^ * ^' ^ ''. 

^ ^ , irth^needie is 4t afHjifl4itiES , ^ 

• * ' *(syii^baUx>) U8e*the* • 

* IcftJcApb to retcs^4t.^ ^# • J' 
' ^- ♦% ^^^^ , 
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12 Insfeft file 9^Ui^oirtaining dlstUled ^ 
water usljig tjie techniques E|oted In* 
5,*^ and /-^abofe; 

13' If nece^ry, . use the right knob 

tb r^-set the needl^ at zero absorbance. 

Reoiovfe the cellatid Insert th^ceUt-/ 
of permanganate solution using the 
techniques notedjn 5, 6 and 7 above. ; . 
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; 15 Record tne wavelength and jthe '* 
\ absorbancQ reading, 

16 Repeat steps 9 through 15 above 
* ^ nlintil absorbance r<Sadings a^e 

recorded at 5 nm increments 
£rom 510 nih through 560 nm^ 

17 Make a graph plotting absorbance 
• readings against wavelengths. ^ 

With very gooji resolution, there * 
will be two petiks - one at 525 hm 
. an'd pne at 9^45 hm. ^^A single flat 
[ ^^pped "peak" between these two . 
' ^Wavelengths is acceptgible^ 

18 If the maximum .absorbances(peak(sj 
* * occur below or above 526 nm or 

• ' 54^6 nm, and at^a numbei^of scale 

^. units (J^ifferen^ fjrom the stated. ^ 
^ instrument accuracy^ the wavelength 

ccjntjjoris misaligned. To jcompensajjj 
" fag4hi& until the instrument can^be 
serviced, add or subtract p^e errpr 
^ ^ 'scale units w^en setting wavelengths 
Yor .sub|equent tests. 

' \ ^ " / 

*lV .CALIBRATION STANDARt)S' / • * 



path iengthj You will have tq test 
if the r|Lnge is applicable to ybur^ , 
instrument by preparing the giv^en 
concentrafions,^ obtaining Absorbance • 
values for thernt^^and* checking the * ^ 
results according to section ,VII 
(below^f • " * ' 0 

B Preparation ' 

The calibration stan6ards fequii*ed for , * 
spectrbphotometMc measurements ar^ so > " * 
dilute',* 'that, they are commonly prepared by 
diluting stronger solutions; These, are* desV 
cribed in general terms ^elow* Weighty, and* 
* voluines;involved' in pMparin^ these Solutions 
for a specific test can be found in-the method 
•'•'write-up, * ^ 



1 Stock Solutions 



'•V 



•9. 



Prepar^ by w^ighmg or measuring 
a sm^Jl amount of a cliemital * 
containing tfce constituent of 
interest arid dissolving'it tb a * 
oAe liter volun^, -.^ * * 



A Requirements ^ ^ 

! ^ A^et of calibration staptfardsrls regufred^ 
^ witlj xfonceiltratlSns uffable in the available . 
**s|)ectroBhQtom^tenjcell (light path length), '* 



EMC 



|f, Vh'e'melflSd iT^eiefehce may provid^|^ 
. a table of li'gfiTpath lengths a;id 
the ct>rresponding ipplicable^pon- 

* ♦centration range for calibration 
-^ ^ ' standards, s6 one can chooSe the 

range 'i^eqtiired for his .instrument 

* ' *^ cell or sample concentration. ' ♦ 

* ^ 2 The method reference may gl; 
* ' directions for preparing one 

of concentrations fOr a given 
* path length'. If your cell provides 
a different lenjgth, your conceatratibn 
. requirement^ cali' be easily calculated 
*by recalling that the light path lervgth 
is inversely reiated.to concentratioh. 
Thus,^ if your cell isrtwice the given 
path length,* you'iieed the 'given con- 
centrations divided by two. / ^ 



The method reference may^Ve 
directions for preparing only one 
*range of concentrations fpr,the 
'IfaHbwtionJtaiida^ 



^ b Commgn stock solutions feave 
\^ concentrations in'thel'a^ge ojf ' -/ 
• > ^0, 1 t^;/0 ing/m/\ ' ' ^ 7- 

|V,e*r.efrige!ral^d '-fer t^tq^ag* 
>me are fuivfche'r^tre^t'fe by * 



V 




. 3 



andlRen 

Qot be specific about the as^qciatecf^ 



1§ 



Mdst aV,e* 

^d some, are fuivlheVtre^t?® by , 
adding a preservative,* Many are 
stabl§ up ta^^yc months. 

Sti^daM Solutions' 

a Prepiire by diluting a stock % 

Solution (at room temperatifreV 
^ Cc)mmon volumes are 10. -0 or 20, 0 ml 
of stocH diluted th one liter. 

b» Resulting standard solutidijs ha^fe , - 
ooncenti:ation§ in thp, range of / 
1.0 to 10. 0 ug/iil,. * • * 



c , Although some^ standard soluti(^k*' , . 

* may be stable fpr a period of time, ' , ' 
it is a recommended practice to 

# prepare them on the day o^ use. 

Calibration (Working) Standard^lutipns 

a Prepare by diluting Si standard 

sbli^tion. Usualfya sjetoJ^^li- , / 
bration standards is required ' , 
; Sj| that^ resulting concentrations , 
give five to seven results Within 
_^fi-flensitivity-4.i«u*s of-ihe-instru^ ' 
'^Qment, Comn;ion*volumes.are 1 to 10 nil 
^ of standard solution diluted to ^100 ml. . 
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Resyltyigv solutions might 
have conc^ntratlbs^.in the 
range of 0. 01 a:pd* 1; 0 ug/«nl. 

A reageilt blank (distilled- 
water) shbuld included 
in the set of standards.^ 

4 Adjusting Concentrations 

V f 

You may find it nfeces&ary 
to adjust preparation quantities 
- • > giv^n in the method write-ups . 
'because your cell (light path 
- ' length) differs from the ' - " 
example. 

'b These adjustmj^nts are 
^ discussed in A Requirements 
(abov/), and are usually 
applied'to the Standard, 
(inte^rmediatl^) Solution. * 

C Chemical' T»eatnijbnt ^ * ' / 



.Most^olo^imetric .methods 
require that me calibration 
.standards (intsluding the • 
reagent blank) are to be 
treated vas the sample.* Thus, 
they are to be processed 
through prejtr^atments and 
through the! test as if they 
were samples. Then any 
test effects on sample Results • 
will be conipensate^^Jjy the 
same effec ;s on results ob- 
tained for the treated standards. 



pne should be aware that pH is 
a critical condition for xnost 
coIoriix^etricVreaetion^. 
Ordinarily, a\oH adjustment 
is included in the test method 
and reagents inclti^e chemicals 
to control pH. Thus,the pro- 
^tjessed standards correspond to 
'the samples r.egafdihg pH, and 
thus they correspond in degree 
of color development. If stand- 
ards are processedl^in j3om,e ^ 
•"other maimer, theymust be 
pH adjusted to correspond to 
the sample's at the time of 
color development. ^ 



V SAMPKE DILUTIONS . 

A Concentriition L^hiits ^ 

The. concentration .of the sample must 
' iresult in an absorbance within the railge ' 
of the calibration standards,* i. e. , accu- 
rately detectable in the light path' provided 
-by the instrument. A dilution before analysis 
may be required^^o accorhplish this. IVis 
not accurate to dilute a sample after pro- 
cessing in order to obtain a usable absorb- ' 
^ince reading. , ^ 

1 Record dilution volumes so a dilution • 
i factor can be calculated and applied 
I to results.* * * * 

2 An analyst often has a good estimate of 
the expected concentration of a sample 
af s/he routinely tests samples from 
the same source. In this case, a'fein^le 

'dilution, if any, is usually sufficient. i 

3 If a sample is from an unknown source^^^ 
the analyst has severSil choices. 

a Process the^^mple. If "the reading 
shows it is too concentrateci, dilute 
, it until you get a value in the usable 

• * range. This result is not accurate 

9 enough to report, but you now know, 
how to dilute the sample to process 

- it through the test to get usable re- 
suits. ^ \ 

Prepare at least a 50% dilution and 
r analyze it plus an undiluted aliquot. 

c Prepare a. variety of dilutions. 

c} Use some other analytical method 
to get a rpugh estimate of the ex- 
pected concentration)^ 

^ '^B^Final Volumes 
# 

1 Dilute to a finaUvolume sufficient to rinse 
the me&suring glassware and provide the^ 

• testivblume cited in the referenced method. 

2 Save any undiluted sajnple. 
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VI PROCEDURE FOR USING A SPECTRO- 
PHOTOMETER * . ^ - * • 

Zeroing Operation ^ 

The following steps have been written 
far spectrophotometers used in this 
' course/ Check the manual for the 
available instrument for tl;ie steps 
applicable for your work, ' ^ 



1 Set the wavelength control to 
. the setting specifijsji for tHe * 

* Jlstandards you are test^ig. 
Approach the settii^ by "be- 
ginning below the number 
and dialing up to it, * 

If a cell is in thk holder, re- ^ 
move it. ^ ' ' 

3 , Close the cell feolder'cover. ^ 

4 Turn the power switch/ zero 
control (left) knob until the 
needle reads infinite (symbol co ) 
absorbai^e (on the lower sqale). 



10 Close^he cover and turn the light 
contrc^l (right) knob until the needle > 
reads zero absorbance (dh the . 

lower scale). , ' 

11 Recprd an absorbance of zero for 

' this zero concentration solution on / 
a data sheet, (See next page )v * ^ 

12 Slowly remove the cell and closejthe 
cover; <No solution should spill inside 
the instrument). Keep .the solution in 
the cell. 

13 ^ ThS needle should return to-the infinite 

absorbance s-etting. It it does not: 

a Reset the needle to the'oo absorbance 
' mark us^g the power switch/ zero , 
*f (left) control knob. 



5* Rinse ^cell two times with 
tap water, two times with 
^. distilled water, then two . 

times with the reagent blank 
solution. 

6 Fill the celt about three- 
fourths full' with reagent 

, blank*solution. 

7 Thoroughly wipe the outside 
of the cell* with a tissue to 
remove fingerprints and any , 
spilled solution. Hold the 
cell by the top edges. 

8 Open the cell holder cover and 
gently slide the cell down into 
the sample holder. 

9 Slowly rotate the cell imtil 
the white vertical line on 
the cell is in line with the 
ridge on the edge of the 
sample holder. ^ 



b JRe-test the reagent blank solution 
u^mg steps 7 through l2*above. 

c If the needle does not return to the 
^00 absorbance mserk, another setting 
as noted in a, and b. is required. « 
Additional warm-up time may be 
necessary before these settings can 
be made. 

B Reading Absorbances.. 

Using a single cell in the spectrophotometers 
(used in this course 

1 Difi^card ajiy solution in the cell. 

^ 2 Rinse the c^l fwo times witlV tap water, 
and two tinges with distilled water. Then 

• » rinse it two tim^s with the lowest concen- 
< tratioh standard remaining to be* tested, 
or with processed sample. f 

i ^ 

3 Fiji the cell about three-fourths full with 
the same standard'O^^ample. . '* ^ 

4 Use a tissue to remove any fingerprints 
, from the cell and any droplets on the 

* outside. Hold the cell by the top e'dges. 

•? 

5 Open the cell holder_ cover and gently 
slide the c^l down into the sample holder. 
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6 Slowly Isolate the cell until the 
wfiite vertical line on the cell 
iS'in line with the ridge on the 
edge of the sample holder. 

7 Close the cover, 

8 Recorfl the concentration of 
the standard and its absorbance 

* 6rf^ data sheet. (For a sample, 
. rfeqord its identification code and 
it3* absorbance \>n the^data sheet). 



10 When all the readings have been 
obtained, discard any solution 
remainirjg in the cell arid rin'se 
the cell with tap water. Cleart 
the ceU more thoroughly, (III C. 
as soon as possible* 
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^ ; DATA SHEET 


Concentration . 
mg/Iitpr 


p Absorbance 
• 


o.bo 










IS 


<• 




V 


\ 

* V 


\ — ^ 






N 


• 




SAMPLE 


\ 


SAMPLE • 





11 If no other tests are to be done, 
turn off the instrument, pull out' 
the plug and replace any protective 
covering. 



Vn CHECKING RESULTS 

A Readings ^Greater Than O.VO 

On our instrument, these are considered 
^ to be, inaccurate. Check the jnanual for 
your instrument or check the scale divi-i' 
sions to determine t|ie limit for other 
models. 



I 



Repeat steps 1 through 8 (above) for 
each stsmdard and sample to be . 
testedjf .If a large'number of meas- 
urements are to be made, check the 
instrument calibration every fifth 

reading. 
> 

Use another aliquot of ^ 
sblution alrejady tested to " 
see if the same reading i^ 
Obt^iined. If qot,*^ repeat the 
zeroing operation in A (above). 

Altarnatjively, you can use the 
"blanks if supply permits, and^ 
repeat the zeroing operation 
,in A; (above). 



1 Do n6t use readings greater than' 
0, 70 to develop a calibration curve. 

' 2 From five tonight points (counting 

zero) are recomniend^d for constructing 
a calibration curve, if y6u have fewer 
than five usable values, you should not* 
draw a curve. 

3 To prevent excessively high values 
in future tests, decrease the celL 
path length, if possible, by using ^ 
an adapter and smaller cell. 

4 If you cannot decrease the cell path 
length, you can ajt least obtain * 
enough values to construct a curve. 
Prepare standards with five to eight 
concentrations ranging from zero to 
the concentration, of the standard 
having an absorbance nearest to 0. 70. 

, This gives you more valu/es for a curve, 
but it reduces the applicable range of . 
the test. Usually the sample can be 
diluted before testing so the result 
will fit on the standard curvfe. 

B Highest Reading ij3 Less Than 0. 6 . 

1 Increase the cell path len^ by using 

a larger cell. A higher reading results. 

2 Prepare a different set of standards^ ' 
with greater concentrations. 
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VIII CONSTRUCTING A CALIBRATION 
CURVE 

If you'have frofn five tp eight.usable 
absorbance values, you can construct 
a concentration curve*--'*- . 



A Graph Paper 



Should be divided into aqfuares 
equal size in both'dinections ' 



B Concentration Axis 
1 Labehng 



The longer side should be 
labeled at equsQ intervals 
with the concentrations of 
the csQibration standards 
marked from 0. 0 to at leasi 
the highest concentration ^ 
recorded for the standards 
On the data sheet. 

2 Units 

« 

a It is most convenient? 
to express thesQ con- 

^ centrations in the uriits ; 
to be reported. Otherwise, 
a unit-conversion factor 
would have to be applied 
^o obt^ final, reportable 

• values every tfme yoii use 
th^curve, 

b Example : If you dilute a ^ 
standard solution to make ^ 
100.0 ml* volumes of cali- 
bration standards^ you 
/ have a choice jln expressing 
\ the resulting concentrations. 
You can use weight/ 100 ml, 
or you can Calculate weight/ 
I liter. If you are to report 
results as weight/liter, but 
you construct your curve ^ 
using weight/ 100 ml, you will 
have to multiply every sample 
result from the curve by ^ 

^^QQ or 10 to obtain th^ re- • 
portable veQue. It is dAch 
, easier to <;onvej£t the original 
calibration standard c6ncentra- 
tion3 to the desired linits and to 
use these as labels on the graph* 



C Absorbance Axis ' ' * 

1 Labeling * . ; 

♦ • 

The shorter side should be 
labeled at equaT intervals ♦ 
with absorbance numbers 
marked from 0/00 to at least . , 
0,70 absorbance units, ^ 

■ D Plotting the Curve ' * , 

1 tfJse .the absc^bahces recorded *» 
for each standard concentration 

to plot points for the curve, 4- 

2 The points should fall in a ^ ( 
* reasonably straight line. ' /. 

^ 3 Use a straight-ejdge to draw 
a line of best fit through the 
pointy. If the points do not j 
all fall on the liAe, an acceptable i 
result is an* equal number of ^ , f 

points falling closely above, \ 
as well as below the line, , , y 
Experience provides a basis ^ X 

i6T judging acceptability, 

I 

4 It is not permissable to extra- j 
polate the curve. • * 1 



IX USING THE CALIBRATION CURVE 

A Finding concentration of the "sample 

1 Use the absorbance value(s) « 
recorded for the sample(s), and.;. 
^ the calibration curve t6 find the ' 

concentration(s). If the concentra-' 
tion units differ from those required • 
for reporting results, apply a unit 
conversion iactbr (VniB, 2), 

* 2 If more than one dilution of a sample * 
wa6 tested, use. the result that falls 
nearest the middle of the curve. , 

^ B If a sample was diluted, calculate the. 
dilution factor and apply it to the cpn- 
centration you find for the sample from , 
the calit^ration curve. / 
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1 Dilution Factor^: 

final dilution volume 
ml sample used in dilution 

2 Example ; You diluted 10 ml 
sample "^o 50 ml. The con- 
centration found by using a ' 
calibration curve was 0. 5 
mg/litey/ ^ 
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This outline wa% prepared by Audrey D. 
Kroner, cliemist. National Training and 
Operational Technology .Center, OWPO# 
USEPA, Cinci^ti, CSiio 45268 



Descriptors : Analytical Technique^, 
Chelnical Analysis, Colorimetry, 
' laboratory Tests, Spectrophotometry 



en: 



^-ji - 5Qmlx0.5mg 
•constituent, mgfl - yr— ^ 



= 2. 9 mg'/ liter * 
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Use prSpectrophotometer 
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CHEMICAL TESTS,OBSEftVATIONS,AND MEASURfiMENTS IN THE! FIELD 



INTRODUCTIOISP 



A Laboratory deterjcninations' with approved 
eqixipment an'd corivenient facilities by 
experienced specialists generally are — 
easier^ fasten, and more reliable. It is 
advisable to transport th^ samples to the 
lab^^ratory whenever it -is feasible to do so. 

B Field tests are essential because: 



Pr'ocedures fpr field use are restricted* 
in equipment and manipulation/ In 
general, it is not possible to use long, 
tedious routines* or highly precise 
measurements. Numerous reagents 
generally cannot be carried. Quick 
positive reactions are essential. Small 
visual comparators, test papejs or spot 
tests are popular. Titration assemblies 
must be modified for field use. ! 



•1 Certain sample components are 
- ^ )ihherently unstable with respect to 
* biological, chemical, or physical 
changes. Any test result performed in 
the laboratory may not represent true ' 
conditions on site at the tifne bfecause 
of delay, -displacement, or changed 
conditions. 

2 'Subsequent^operations gene^^Uy may be 
coordinatep and made more meaningful 
by preliminai«jr on site field investigation 

/ to identify and evaluate problems, locate 
critical areas, and minimize^surprises. 



n FIEI4D TEST CONDITIONAL 

COlJJSlbERATIONS , . ^ • 

A /Moving the laboratory into the field means 
^ .improvisation and adaptation to, more 
\ "primitive" -coiHjitions.' 

1 Rugged cons^jKiction of field equipment 
is a first consideration. Sturdy and 
convenient cases are required; the case 
often may be the only avsdlable work- 
bench. Polyethylene bottles, beakers, 
burets, and pipets generally are 
necessary to eliminate breakage of ^ 

/ fragile glass. 

2 Portabiliiy is e^ssential, particularly ' 
when the site is not accessible by boat 
or car. Ideally, the field kit should 

be small enough and light enough to be 
car^i^d by one person for extended 
^ periods. ' * 



Instrumentation increases objectivity 
of the measurements but the instrurAents 
must be adapted to the items outlined. in 
II. A. 1, 2 and 3. 

The instrurnents commonly used must 
be simplified yet rugged enough to keep 
working in spitp'^of temperature changes, 
moisture, bumps, etc. A meaningful 
validation procedure must be worked out 
for calibration on JIte with pimple 
adjustment or repait for emergencies. 



Personnel engaged in field testin'g- often 
ar e unaccustomed to laboratory 
procedures.* Advance training is 
essential in procedures and instrumentation 

-used. Field testing is a multi- 

. disciplinarian operation: 

a The individual^ must be good 

observers arid recognize what.may 
be significant later. 

b They must be good interpreters . 

of a variety of observed and 

derived test information. 

c 'They must be good technicians to 
follow prescribed procedure^ 
d^igently and recognizfe anomalous ' • 
behavior when it occurs. 

f d They must be good reporters to 

describe what happened^ where ^ 
it happened, and when. FailxlTe *^ 
to report Einomalous behavior 
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and related events in an tmderstahdable 
and consistent fashion may render the 
entire effort meaningless because of 
- > some doubt or inconsistency; 

Subsequent operations also may be % 
mislead t)y the early observer. . 

' B Use of field data imposes certain con- 
straints relatable to the item, *the methods^ 
and to the perisonnel involved: . " 

1 How valid is it? ' 

2 How consistent is it in line with other 
observed or recorded information? 

t 

3 What backup information is required 
' to verify suggested information? 

C Decisions must be made on all field 
data applications: 
«^ 

1. Where "in-place" and "now" 

measurements are required how much^ 
of the laboratory must be moved out 
to the site to obtain data reliable ' 
eitough to meet objectives? 

2 Which items are to be determined on 
site? Which items in a central 
laboratory? 

3 ,What use is to be made of the 
preliminary field estimates? • 

4 What do you "need" to know? 

5 What would be "nice" to know? 



Dissolved gases, sudi as O^, COg, 
HgS, Clg, are sensitive -to pressure 
or temperature changes and may 
react with other Sample component.s 
readily. These require in place and 
now readout. 

The collective analysis of'all'form^ 
of a giv^n item may be preserved 
and analysed later. Estimates of 
different forms *of the same substance 
are not subject to delay unless they * 
can be separated, promptly. Examples 
of this include 'the relative ratios of 
oxidi^ped or reduced'^syhstanceSjfv such 
as Cu**"^ and(Gu**'2,.Fe ^ and Fet^, Cr^. 
arid Cr 3^,l>y^rolysis is the priDOApal 
factor in the ratios of orga^nic and 
NH^^-N £md in changes a^ong organic, 
pQly and ortho-P, 

Reactive substsuices contributing to 
"oxygen* demand" tests, such as BOD^ 
or other respiratory tests generally 
require a nunimum time delay before 
testing and are not amenable to 
preservation with6ut altering results, 
» 

Soluble /insoluble ratios commonly 
change with, time \and conditions due 
to comj^xation, hydrolysis 
^r'ecipitation^ agglomeration, -or 
other factors. Particulate size may 
increase or decrease. Solubles may 
be sprbed on or desorbed from solid 
surfaces. Settleability or turbidity ^ 
are transient phenomena subject to 
change with time or conditions. 



m 



• 6 In line Mth facilities, time, cost, 
manpower aixd objectives, what 
can you determine? 



compon:ent characteristics 
favoring field testing: 



^Biological progressions are dynamic 
entities that shift among "critters" * 
in relation to predonninen6e in 
variety, numbers, growth, and ilecay. 
Whatever is, will change in response 
to nutrition and conditions,. 



Any item that changes rapidly during a 
holding period as a result of temperature 
or pressure variations, or is highly 
reactive from a biological, chemical, * 
or physical standpoint, usually means 
«that it must be determined on site and in 
place with mini lmum time lapse and 
manipulation. ' 
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IV SITUATIONS FAVORING FIELD TESTING 

A Preliminary. information often Is needed 
to guide situation evaluation, problem 
identification, on site variation with 
respect to cross section, depth, or 
. time« These data are ttlseful to determine 
whether there is a problem or not and 
for planning pf subsequent operations. 



Chemical Tests Observations and Measurements in the Field 



1 It may be necessary to locate auspected 
inflows, channels, or sources of items 
affecting water quality. 

2 Definition of mixing zones often is 
required. 

• ^ 

3 Laboratory time may be reduced if 

' approximate concentrations of items 
sought are known. ^ 

4 Field tests or observations may 
suggest other tests that are mor,e ' 
critical in evaluation of the given 
situation. 

5 Stratification may be evaluated for 
' ^guidance of subsequent operations, 

^ f 6 Knowledge of the distribution of 

components is. useful for selecting 
meaningful future sampling sites. 

B The field^test may be used to check 
compliWpe Vith regulations prior to 
more rigorous backup^esting. 

1 An e^taWashed operation may be in * 
cont.rol or oilt of control. 

2 The field test may reveal' which of. 
multiple discharges are in conformance. 

3 Undisclose(^discharges may become • 
apparent. • 

4 It may be necessary to/*track'| some 
hazardous discharge down stream to 
guide subsequent users on the choice 
of ii^ake or storage vater. 

5 A complaint or inquiry may be 
evaluated by field tests. 

C In-plant fffeld type t6sts are essential 

to guide operations toward the production * 
of continuous high quality effluents. 
Record tests commonly are provided too 
late to do anything about the situation; 
*quick test restilts are emphasized for 
process control because time, manpower, 
and change are* critical. 



1 Surprises in the form of w^.stewater 
^ changes in flow, concentration, or 

significant components are common for 
^treatment process operators. They 
need quick numbers rather than 
' impressions to distinguish real from 

apparent proWems. 

2 Process upsets are minimized or , 

^ prevented by regular and meaningful 
tests from which trends may be 
established. Small imbalfoices may be 
corrected before .they become majors 
upsjets. 

3 Backup or supplementary treatment • 
such as coagulation, l^dsorption"^, 
neutralization, may prevent serious 
process flisryption if tests indicate 
the problem and its m^gnitpide in time 
to-do something about it. 

V TYPICAL FIELD TESTS -"INSTRUMENTAL 

A pH is one of the simplest and most valuable 
field tests. If mineral acids or ,8tlkalies in 
stable form are the contributing factors, 
then color indicators; comparators, 

• impregnated papers or like devices may be 
used to obtain an estimate of pH. To obtain 
a pH value for NJ^DES report purposes^ an 
electronic sensor (electrode) and extension 
Wire to an indicator instrument (meter) is 
esseptial. 

This measurement should be done on site 
because pH is significantly affected by 
* several variables. 'Temperature directly 
. affects the pH of solutions^ ' Free COg in 
solution, particularly in samples from the 
vicinity of benthic deposits or active 
biological systems^, is another major 
\ variable. Any delay, temperature or 

V 'pressure change or sample manipulation 
) Will' affect the free CO2 concentration of 

the solution and thereby alter the pH' " 
^ response. | 

Electronic pH instruments are produced 
for field use by many appai;atus supply 
firms. With care, they function effectively. 
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B Conductivity is, a very useful index of ^ 
ionic materials and usually may be 

• correlated with wet chemical data to 
give a reasonable correlation with total 
dissolved soli-ds for a given mixture. 

' This test fs very useful to detect saline 
intrustiops or discharges, springs, 
hidden channels of different salinity ' 
from the main bixjy of water* Several 
' reliable instruments^ are niarketed. 

, , \ ' '^^-^ 

C DO analyzers are available for field use 
application from several manufacturers. 

* They "differ in portability, accessory 
equipment and in versatility so that it is 
possible to obtsdn one or more fitting almost 
any requirement. These units are based 
upon reduction of oxygen at the cathode ^ 
surface to convert chemical to electrical 
energy. Direct measurement of electrical 
^ergy produced or the change in some 
carrier current or voltagd may be used for 
readout. The signal may be amplified in j 
line with sensitivity to give direct' concentra- 

' * tion :readout. Temperature compensation is 
useful and available. Membrane covered — 
sensors selective for diss'olved gases protect 
sensor surfaces froih most interfering 
components. The analyst must learn to use 
\ , his particular 'instrument effectively to enable 
him to obtain valid results under" conditions . 
in which a wet chemical procedure would be 
I tnisleading. . ^ 

VI TYPICAL FIELD TESTS -*WET CHEMICAL. 



Posy'der* pillows foi: buffer* ^and indicator 
are available to facilitate conducting the 
hardnes,s titration in the field. 

O Chlorine tests usiag orthotolidine in a 
comparator frequenitljr are used far rapid 
. on-site measuiienlents. The necesskry 
\ • equipment is readily available from 

-seyeral manufacturers. To obtain results' 
for NPDES report purposes, one must ' 
u^fe a'titratioh procedure invoiviiig either 
a istarch-iodide, colo^-chang^ end point 
* or else a meteu which provides amperage- 
•change end point-detection. ^ f ' 

VU SUlVIMARY * , * * " 

Simple and rapid field test kits are 
aAjgilable from several manufactui^ers, 
Qi^liers and scientific apparatus houses 
for individual tests, as well as' . ^ 

combination test kits for the items 
mentioned and others* ^ 
<? , ° 

it is possible for the analyst to devise one, 

, * suited to his particular requirements with /, 
available jof improvised materials, 
Effecti'^ess of the field operation ^ 
depends on the knowledge and care 

\ ^^T&«ercised in using the equipment and 
procedure, v * * 

^ .' ' / y • . 

CAUTION: Field test results are useful, 
. but not alw.ays valid enough 
for the record. 
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DO titrations fqr clean water saiAples may 
be adapted for field use by shifting to dry 
reagents encased in plastic pillows, 
substituting phenylarsine oxide for thip 
and using plastic burets^ setmple containers, 
etc. Powdered litarch substitutes also are 
available. Saxhple sizes maybe altered along 

'with reagent concentration to maintain ^the 1 to. 

^1 ratio of DO to titrant volume. * DO test kits 
sire ayailablS^from several marfufacturer^. * 
Many agencies make theipu^wn. 

Alkalinity and halrdn^ss titrations^are'. * 
commonly soUgWTunder >£ield contiitions 

'using standard acid and EDTA solutions; 
To obtain alkalinifar resists fon NPDES report 
puz^poses^ the sani^e should^be titrated to a 

*pH end point using a calibrated pH meter. 
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BACTERIOLOGICAL INDICATORS OP WATER POLLWON 
Part 1. General Concepts . 



I INTRODUCTION * 

A Bacterial Indication of Pollution 
i. , . \ 

. 1 In the broadest sense, a b&cterial 
indicator of pollution is any organism 
which, by its presence, would. demon- 
strata thaj^ pollution has occurred, and 
* often suggest the source of the pollution, 

2 a more restrictiv.ef^ense, bacterial ' 
indicators' of poUutido^e associated 
pMmariiy with dentonstJ^tion of con- # 
° tamination of water, originating from - ^ 
excreta of warm-blooded animals 
(including man, domestic and wild 
animals, and birds). ^ ^ 

B Implicationa of Pollution of Intestinal 
Origin^ 

* * 

1 Intestinal wastes from warm-blooded 
animals regularly include a wide 
variety of genera and species of 
bkcteria. Among these the coliform . 
^oup may bd^ listed, and spfecies of' 
e genera Streptococcus , Lactobacillus^ 
aphylococcus ^ Proteus^ Pseudomonas^ 
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certain spore -forming' bacteria, and 



others 



In addition, many kinds of pathogenic 
ba^cteria and other microorganisms 
may be released in wastes on an inter- 
mittent basis, varying with" the geoA «^ 
graphic area, state of community 
health, nature and. degree of waste \ 
trjeatment, and other factors* These- 
may include the following: 

a Bacteria: ^ecies of Salmonella, 
Shigella^ Leptospira, Brucella, % " * 
Mycobacterium, and Vibrio comma. 



b Viruses: A-wide variety, including 
that of infectious hepatitis^ Polio- \ 
viruses^ Coxsackie virus, ECHO 
V viruses (enteric cytopathogenic 
hui](ian orphan "viruses in search 
of a disease"), aiid unspecified 
viruses pos^tulated to accoimt for 

' outbreaks of diarrheal and upper ' 
respiratory diseases of unknown * 

' etiology, apparently infective by ' 

the'^water -borne route. 
'I < 

c Protozoa : Enclamoeba histolytica 

As routinely practice*d, bacterial » 
evidence of water pollution !^ a test 
for t^e presence and numbers of 
bacteria in we^stes which, by their 
presence, indicate that intestinal 
pollution has occurred. In this con- 
text. Indicator groups discussed in 
subsequent parta^of this outline are 
as f<5llows: y s < 

a Coliform' gr^iip and certain sub- 
groupings ' « 

b : Fecal streptococci and certain . 
subgroupings - . 



•Miscellaneous 
quality 



3ugjj:i 



dicators of water 



4 Evidetice of ^water contamination by 
intestinal wastes of warm-blooded'' 
$mimals isT^egarded as evidence of 
health h^ar.d in the water being tested. 

PROp'eRTIEs'oP an IDEAL INDIcilXDR 

jof pollution 

An "ideal*' bacterial inc^cator of pollution 
should: • ^ ^ 

0 

1 be applicable In all types of water 
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Always be preseot in water when • 
pathogenic bacterial constituents of 
fecal contamination ve present, . 
Ramificationf of 'thib include 

a v«Jts* density should haVe some .direct ' 
^ relationship to the'degree of feccd 
pollution. ' 
b • It should have gre&tpr survival time 
in water than enteric pathogens, 
throughout its course of natural 
disappearance from the water body, 
c ^ It should disappear rapidly from 
water following the disappearance 
.of pathogens, either through natural 
or man-made processes, 
d It always should be absent in a 
bacteriolpgicaUy safe water. 



3 Lend itself to routine quantitative 
testing procedures\without interiferende 
or confusion of results du§ to extra*- ^ 
neous bacteria 

, ■ * / : ..• / 

4 Be harmless to man and other apimals 

B In all probability Aan "ideal" bacterial 
indicator does not exists The^discussion , 
of bacterial indicators 'of pollution in the 
following pafts of this outline include ■ 
J consideration of the merits and limitations 
/ of each group, with their application^ in ^ 
r . -evaluatiifig bacterial quality of ^^ei'. ^ 



\ m APPUCATIONS^OF TESTS FOR 
POLLUTION INDICATORS 

A Tests for Compliance with Bactex^ial ^ 
^ Water Quality Standards 

1 Potability te^s on drinldng water" tb 
nleet Interstate Quarantine Or other ^ 
^ staadards of regulatory agencies. 

2^ Determination of bacterial quality of 
J ^ • , environmentaljWater for which t;[iiality 
standards may exist, such as shel^ish 
waters, recreational waters, water 
resource's for municipal or other * 
supplies.. . ' ' m 



/ 



•\ , ■ ■ 

, 3 ^ Tests for compliance with^establish^d 
standards in "cases involving the pro-n * 
tection gr prosecution of municipalities," 
industries, etc, » / 

B Treatment Plant Process Control 

' 1 Water treatment plants 

2 Wastewater treatment plants - ^ 

C Water Quality ^ahdppllutant Source Monitoring 

V • ^ , # * 

1 Determination of intestinal p>olfution 
in surface water to determine type and 
e^Aent of treatment r^quii;gd for com-^ 
pliance with stauidards 

2 Tracing sources of pollution 

'3 Determing.tion of effiects on bacterial 
flora, due to addition of organic or 
other Wastes ' \ , 

D ^S^ecial Studies, sUchas^- ' . 

1 . T^acing/soupces of intestinal pathogens 
■ in epidfemfological investigations 

; 2 Inv:estigations^f proVlems due to the 
Sphaer'otilus group* ^ ' ' , 

' . ' ' . 

3*. ^y^tigatjpns. of bacterial interference 
• to cei*tain industrial processes^ with 
/ respept to such organisms as Pseudo- 
rnonas, A chroniobacter, " or othei^s 



IV SANITARY SURVEY . 

The laboratory bacteriologist is not alotie'in * 
evaluation of indication of water pollution^of 

.intestinal origirv On-site stu<fy (Sanitary 
Survey) of the 'aquatic environment and 
adjacent areas, by a qualified person', is a 
necessary collateral study with the laboratory 
work and frequently will reveal information ^ 

^regarding potential bacteriological hazard 
wh^ch may or may not be demonstrated 
through laborato;ry i&dings ftonftTsingle * 

* sample oi;: short sevi^s of samples. 
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Part 2. The Coliform Group and Its ConstitueiHs 



I ORIGINS AND DEFINITION^ ' " 

A Backgrpund • ^ 

1 In 1885, Eschefich, a pioneer bacteri- 
ologist, •-recovered certain bacteria itom • 
human feces/ which he found in such 
numbers and consistency as to lead him 

to term these oi^ganisms "t^je-jGharac- 

teristic organism of hunian feces. 

* . * . 

He named these o/ganisms Bacterium 
coli - commime and B. lactis aerogenes . 
.In 1895, another bacteriologist, 
' /Migttla, renamed B. coli commune as \^ 
Esdierichia coli, which today is the 
official nam^e for the *type species. 

2 Later work has substantiated much of ^ 
the original confcept of Escherich, but • 
has shown that the above species are 

^ in fact a heterogeneous complex of 
bacterial species and species variants.' 

'■' 

a This heterogeneous group occurs not „ 
only in htunanjeces but representatives 
* also are, to be found^in many environ- ^ 

mental medfei, including sewage, 
• surface freshwaters of all categories, / 
in and on soils, ^eget^ion, etc. 

b The groSjp^Jnay be s^divided into 
variMS categories* on the ba^sis of 
num|ffous biochemical and other* 
differential tfesjs ^at piay be applied. 

B * Composition of the Coliform Group. . 



1 Current definition 



As defined in ^'Standard MethciTds for the . 
Examination of Water and Wastewater" 
(14th ed): "The coliform group 4|icludes 
all of the aerobic and'facultative 
anaerobic, Gram- negative, nonspore- 
forming^rod- shaped bacteria which 
ferment lactose with gas fornAation 
within 48 hours at 350 C. " . ^ 



^2 Thel term "coliforms" or *'colifOrm 
group" is an inclusive one, including^ 
the following bacteria which may 
meet the defini^on above: • 

'^a Escherichia coU; E. aurescens, 
" E. freundii, E. intermedia 

. b Entej:'obacter ajsrog^es, E. cloacae 

c Biochemical intermediate^ between 
^ the genera Escherichia and Eptero- 
'bacter 

3 There is no provision in the definition 
of coliform bacteria for "atypical" or 
"aberrant" coliform strains, 
a An individual strain of any of the above 
species may fail to meet one* of the 
0 criteria of tl^ coliform groups 
b Such an opganism, by definition, is 
not a member of the coliform group, 
, even though a taxonomic b^cteriologiajt 
may be*pprfectly correct in classifying 
the strain in ongjpl^e above species. 



n SUBDIVISION- OF COUFORMS INTO 
"FECAL" AND '^NONFECAL" 
CATEGORIES ' , * 

A -Need 

Single -tedt'differentiations between 
conforms of "fecal" origin and those of^^ 
"ncpfecal" origin are based on'th^ ^.^-^^ ; 
assumption that typical E. coHrand 
closely related strains are of fecal 
origin while E . aerogenes 'and its. close 
latives at*e not of direct fecal origin. 
(Tife^ latter assumption is-not fjolly borne 
out by investigations at this Center. 
See Table 1,' IMVIC Type — ++)-. A 
number of single differential tests have ^ 
b^eri proposed to differentiate between 
^*fecal"and "nonfecal" colif(|ritis. 
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Witfiout discussion ol their relativfe merits, 
V several may be cited here: 

B Types o£ Single-Test Differentiation . 

1 Detetmination of gas ratio 

Fermentation o|jglucose by E. coli 
results in gas production, with 
hydrogen and carboiv^oxide being " 
produced in equal amounts. 
Fermentation of glucose by E. 
aerogenes results in generation of " 
twice as much carbon dioxide as 
hydrogen. 

Further studies suggested absolute 
correlatioh between Hg/COg. ratios 
and the terminal pH resulting from 
glucose fermentation. This led to the 
substitution of the methyl i^^d test.^ 

2 Methyl red test 

Glucose fermentation by E. coli 
typically results in a culture medium « 
having terminal pH in the range 4. 2 - 
4. 6 <red'color a positive test with the 
addition of methyl red indicator). 
E_. aerogenes typically results in a 
culture medium having pH 5. 6 or ^ , 
greater->(yellow color, a negative test). 



3 Indole 



is 



When tryptophane, an amino acid, 
incorporated in a nutrient broth, 
typical E. coli strains are capable of 
producing indo]!e^(positive test) among 
the end products, whereas E^. aerogenes 
does not (negative test). 

in reviewing technical Hteraiure, the 
worker should be alert to the method 
used to detect indole formation^ as the 
resxUts may be greatly influenced by 
the analytical procedure. 

Voges-Proskauer test (acetylmethyl 
carbinol test) 

The test is for detection of acetylmethyl 
carbinol, a derivative of 2, 3-, butylene-^* 



glycol; as. a result of glucbse 
fermentation in the presehce of 
peptone. E^. aerogenes produces 
this end product (positive test) 
^ whereas E. coli gives^a negative test. 

a Experience with c^liform cultures 
giving a positive test has shown a < 
loss of this ability with storage on 
laboratory media ^or 6 months to 
2iyears, in 20 - 25% of cultures * 
. (105 out of 458 cultures): 

b ^me workers consider that all 
conform bacteria produce acetyl- 
*methyl carbinol in glucose metab-^ 
ollsm. These workers regard 
acetylmethyl carbinol-negative 
' cultures as those which ^ve 
enzyme systems capable of further 
degradation of acetylmethyl 
carbinol to other end products 
which do not give a positive test 
with the analytical procedure. 
Cultures giving a positive test for 
acetylmethyl carbinol lack this 
enzyme system. 

c This r-easoning leads to a hypothesis 
(not experimentally proven) that the 
change of reaction noted_in certain 
, cultures in 4. a above is due to the 
activation of a latent enzyme system. 

5 Citrate utilization ' \^ 

Clotures of E. ^coll are tmable to use 
the carbon of citrates (negative test) 
.in their metabolism, whereas cultures, 
of JS . aerogenes are capable of using 
the carbon of citrates in their/metab- 
ollsm (positive test). 

Some \?orkers (using Simmons Citrate 
Agar) incorporate a pH indicator 
(brom thymol blue) in the cultur^ 
medium in order to demonstrate the 
typical alkaline reaction (pH 8.4 - 9.0) 
rv^stUting with citrate, utilization. 

6 Elevated temperature.(Eijkman),test 

° a* The test is based on evidence that 
coll and other cbliforms of fecal 
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origin are capable of growing and 
fermenting carbohydrates (glucose 
or lactose) at temperatures signif-- 
icantly higher than the body t.em- . 
peratxire of warm-blooded animals. 
Organisms not associated with direct 
, fecal origin would give a negative 
test result, throu^ their inability 
to grow at the elevated temperature. 

While many, media and tephniques 
have been proposed, EC Broth, a 
medixim developed by Perry and 
Hajna, used as a cpnfirmatory 
medixim for 24 hours at 44. 5 ± 
0. 2*C are the current standard 
medixim and method. • ^ 
While the "EC" terminology of the 
medixim suggests "JE. coli" the 
worker should not regard this as a 
specific procedure for isolati^frof 
coli. 

A similar medium. Boric Acid 
L^tose Broth, has developed 
by Levine and his associates . This 
medium gives results virtually 
identical with those obtained from 
EC Broth, but requires 48* hours qf 
incubation. 

Elevated temper^ure tests require 
incubation in a v^ater bath. Standard 
.Methods 14th Ed. requires this 
temperature to be 44. 5 + 0. 20C. 
Various workers have urged use of 
temperatifres ranging between 
. 4?.0OC and 46.0OC. Mbst of these 
recommendations have provided a 
tolerance of ± 0. 50 C from the rec- 
ommended levels. ' However, some 
workers, notably i^.the Shellfish 
Program of the Pubiic-Hfealth Service, 
stipulate, a temperature of 44, 5 f 
0. 20 c. This requires* use of a water 
bath with forced circulation to main'* 
tain this cjose tolerance. This 
toJLerance range was instituted 
in the 1^3th Edition of Standard Methods 
and the labpratory worker should 
conform to these new limits. . 
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abilitjy of elevated temper- 
ature tests is influenced by the ' 
time required for the newly- 
^ inoculated cultures to reach the ^ 
designated incubation temperature. 
Critical worjcers insist on place-' 
ment of the cultures in the water 
bath within 30 minutes, at most, 
after inoculation. 

7 Other tests 

Numerous other tests for differentiation 
J^etween coliforms of fecal vs. nonfecal 
origin have been proposed. Current 
stu^i^S^uggest little promise for the 
following tests in this application: 
uric acid test, cellobiose fermentation, 
gelatin liquefaction, production of 
hydrogen sulfide, sucrose f^pcnientation, 
and others. / ' 

C IMViC Classification 

1 In 1938, Parr reported on a review of I 
ayiterature survey on biochemical tests 
used to differentiate betwefijfi coliforms 
of fejcal vs. nonfecal origiii^^^ A summary* 
follows;* / W' * 



Test 



Ho, of times 
used for dif- 
ferentiation 



Voges-Proskauer * ^ 22 
reaction ^ , 

Methyl red test 20 

Citrate utilization 20 

Indole test . 15 

Uric acid test « 6 

Cellobiose fermentation 4 

Gelatin liquefaction 3 

Eijkman test 2 

iE^ydrogen sulfide * 1 
• , production 

Sucrosd fern^ntation 1 

a-Methyl- d- glucoside 1 
fermentation 
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2 Based on this sununary and on his own 

• studieSf^ Parr recommended iitilization 

* of a cotnbination of tests, the inciole; 
methyl red, Voges-iProskauer, and the 
citrate utilization tests for this differ- 
entiation. Thie series of reactions is 
designated by the mnemonic 'iMViXJ^V^ 
Using this scheme, any coliform culture 
can be described by an *'lMViC Code" 
accordix:ig to the reactions for each 
culture^ Thus, a typical culture of 

K. ^11 would have a cade ++--, and a 
typical jE . aerogeneg culture .would 
have a code --++. 

3 Groupings of coliforms into fecal, 
non- fecal, and intermediate groups, 
as shown in * 'Standard Methods for the 
Examination of Water and Wastewater" 
are shown at the bottom of this page. 

Need for Study of Multiple Cultures 

•if: 

All the systems used for differentiation 
between Coliforms of fecal vs. those of 
nonfedal origin require isolation and stxidiy 
of numerous- piu:e cultures. Many workers 
prefer to study at least 100 culturies from 
any environmental source before attempting 
to c£^egorize the probable source^ of the 
copformsi 



m NATURAL DISTRIBUTION OF COUFORM 
' BACTKRIA ' 

A Sources of Background-Information 

i 

Details of the voluminous background of 
technical information on coliform bacteria 
recovered from one or n>ore environ- 
mental media are beyond the scope of j 
this disctissio^. References of this 
outline are suggested routes of entry 
for workers seeking to explore this 
topic. 

.B Studies on Col^orm Distribution 

1 - Since 1960 numerous workers 
have engaged in a continuing study t>f 
'the natural distribution of coliform 
bacteria and an evaluation of pro- 
ceduresrfor differentiation between 
*^cofllforms of fecal vs. probable non- 
fecai origin.^ Results of this work 
have special significance because: 

a ' Rigid uniformity of laboratory 

methods have been applied through- 
^ out the> series of studies 

b Studies are based on massive 
numbers of cultures, far beyond 

^ any simil^n studies heretofore 
reported - 



INTERPRETATTON OFaMVlC REACSTIONS 



^G|^;io 



Organism 



* Indole ^eSt^^ J^cH^auer Citrate 

: —7-^ 



Escherichia coli ^ + or - ♦ + 

Cltrobacter freundii ' , - + 

Klebsiella^Enterobacter group or ^ ' 



• + 



+ 
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^ c A wider variety of environmental and ^ 
biological Sources are being studiecj^** ^ 
than in any previous series of repo^s.'i 

d All studies are based on freshly 

recovered pure culture isolate a- . j 
^ from the designated sources. 

e All studies are based on cultures 
^ recovered from the wicjest feasible 
gepgraphic range, coll^9ted at all 
seasons of the year.. 

*^ 2 Distribution of coliform types 

Table 1 shows the consolidated results 
» of coliform distributions from various 
bioldgical and environmental sources. 

a The results of these studies' show a 
high order of correlation between 
known or probable fecal origin and 
the typical coli IMViC code 
- -t-|4-f-.). OnTae bther hand,^ 
human faces a^o includes 
. '\ numbers of^. aerogenes cmd other 
^ IMViC types, which some regard as * 

"nonfecal" segments of the coliform 
. group. (Ffgure 1)' . 

b The majority of coliforms attributable 
to excretal origin' tend to be limited 
to a relatively small number of the 
^ . possible IMViC codes; on the other * 

hand, coliform bacteria i^ecovered 
. * from unciisturbed soil, ve'getation, 

' • and insc^ct life Represent a wii^er 
) range of IMViC code^ than fecal 
, sources, without clear dominance of 
any one type. (Figure 2)^ 

* c The most prominant IMViC. code 
from nonfecal sources is the Inter- 
mediate type, -+-+, which accounts 
^r almost l\alf the coliform cultures 
recovered from soils, and a high 
percentage of those recovered from' 
^egetation and from. insects. It 
would appear that if any coliform 
segment could be ter^med a -'soil 
type" it would be IMViC code.-+-+. 



d It shguld not be surprising that e 
cultures of typical E. coli, are 
recovered in relatively smaller 
^ numbers from sources judged^ 
on the basis of sanitary survey, 
to be unpolluted. There is no. 
known way to exclude the influence 

, of limited fecal pollution from small 
animals and birds in such environ- 
ments . / ' ^ 

/ ' • ' 

e The distribution of coliform types " 

from human sources should be 
; regarded as a representative value 
for large numbers of 'sources. 
Investigations h&ve shown that there 
can be large differences in the 
distribution of IMViC types- from 
person to person, or' even from an 
individual. 

Differentiation between coliforms of 
fecal vs. nonfecal origin * 

Table 2 is a summary, of 'findings 
based on a number, of different criteria 
for differ^ntiatingj5etw§en-coliforms 
of fetal origin^ and those from other 
sounces. ^ 

a IMViC type is a measurement 
?^ S.' ^Q^' Variety I, and appears 
to give reasonably good cofrelat^tn 
'between known or highly probable 
fecal origin and^doubtful fecal origin. 

b The combination of INTViC^-tyijes, « 
+---4 "tad gives 
improved identification of probable 
fecal origin, and appears also td 
exclude most of the coliforms not 
found in excreta of warm-blooded 
animals in large numbers. 



While the indole, methyl red, 
Voges Proskauer, and citrate 
utilization tests, each used alone* 
appear to give useful answers. when 
applied only to samples of known 
pollution from fecal sounces, the 
interpretation is not as clear when 
applied. io colif9rms from sources 
believed to be remote from direct 
fecal pollution. - 
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^ Table 1. COLIPORM DfiTRIBUTIOH BY IMViC TYPES AND ELEVATED TEI^RAXURE a 
^ ♦ . TEST FROM ENVIRONMENTAL AND BIOLOGICAL SOURCES \ . 
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Table 2.. COMPARISON OF COLIFORM CTRA^S ISOLATED FROM WARM-BIjOOBED ANXMAL 
F^CES, from unpolluted soils and polluted soils WIT|i USE OF THE 
' IMViC RE;ACTI0NS and the elevated temperature test in EC MEDIUM 
AT 44.50.C (+0.50) <12th ed. 1565; ^andard Methods for the Examination of Water 
and Wastewater) * ' . • . ^ ^ ^ 



.Wt"^ ' 


Warm-blooded 
ani(nal fe^s 


, Soil: 
Unpolluted" 


SoU; 
Polluted 


Vege- 
tation 


T 

Insects • 




91.8% ' 


5.6% 


80. 6% 


10. 6% 


12.4% 


■ ■ • — J — 
+ + 

+ and 

*- + - - 


93. 3% 


—f 

j 8. 9%- 


80v^% ' 


, 12. 5% 


13. 2% 


Indole ()psitive 


94. 0% ^ 
— u . 


16. 4% — 


82. 7% 


52. 5% 


52.4% 


Mejkhyl red positive 


96. 9% ' 


75.' 6% 


97. 97p 


63. 6% 


79. 9% 


Vogps-Proskauer positive 


5. 1% 


40. 7% ^ 


97. 3% 


^6. 3% 


40.' 6% 


Citrate utilizers 


3. 6% 


88. 2% 


19. 2% 


85. 1% 


.86. 7% 


Elevated temperature (EC) 
positive^ . 


96.4% 


•9. 2% 


82. 9% 


.jr— 

14. 1% 


14. 9% 


Number of cultures 
studied . • 


9 8, 747 . 


2, 348 


665 


•1.203 


1,084" ^ 



Total Pure Cultures- Studied:' 14,047 



origin. . The presence of smaller, 
but demoastrableT^erc entases of - 



^ ^ The elevated temperature test gives 
-excellent correlation with^samples 
of known or highly probable fecal 
Rresenc 
rableT^e 
such organismjp in environmental^ 
sotirces'not interpreted as being 
polluted could be attribute*d largely . '~ 
. , to the warm-blooded wildlife in the 
, * area, including bifdls; rodents, and 
other small mammals. 

e The elevated temperature test yiplds 
* - results equal to those obtained from 
the total IMViC code. It has nmrked 
• advantages iA speed, ease and 
simplicity of performance, and yields 
quantitative results for each v^ater 
sample. f Therefore, it is 
the.of ficiaiHiiandjird method for * 
differentiation coliforms Of 
probable djlrect fecal origin from those* 
which may. have become established 
' in the bacterial flora of the aquatic 
pr terrestrial habitat. * 



IV EVALUATION OF COLIFORMS'AS 
POLLUTIONjINDICA TORS 

A The Goliform -Group as a Whole 

1 Merits 

a The absence of coliforni bacteria, is 
. ^. ^dence of a bacteriologically sStfe^ 
water. * " . . 

;b The density of cpliforms is roughly 
• proportional to the amount of ^ 
lexcretal pollution present. ^ 

c JLpathogeniq bacteria of Intestinal 

origin are presei^t, coliform 
„ bacteria also are present, in much 
— ^. greater nmnbere. ^ ^ * 



" Coliforms are always present in the 
intestines of humans and other warm- 
blooded animals, and e^re elimiiiated 
in large numbers ih fecal wastes. 
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e * Coliforms are mpre persistant in 
, the aquatic environment than^are 
pathogenic bacteria of intestinal 
, orfgin.^ 

^ Califorms are'generally harmless 
^ . ^ to humane and can be determined ^ ^ 
quantitatively by rou^e laboratory 
procedures. 

2 Limitations ' 

a Some of the constituents pf the 

coliform group have a wide environ- 
mental distribution in additiop to 
their occurrence in the. intestines 
of warm-blooded animals* 

b''" Some strains of the coliform group 
may multiply in certain polluted 
waters ('^aftergrowth"), of hi^ 

? nutritive values thereby adding to 
the difficulty of evalmting a pollution 
« sitmtion in the aquatic environment. 
Members of the JB. aerogenes section 
of the coliform are conmionly , 
involved in this kind of p;:oblem. 

» * • 

c Because of occasional aftergrowth 
problems, the age of the pollution' 
may be difficult to evaluate under 
some- circumsitances. 

Tests for coliforms are* subject to 
interferences due to other kinds of 
bacteria* P^lise negative results 
sometime's occur when species of 
Pseudomonas are present. False 
positive results sometimes occur 
when two or more kinds of non- 
colifdl:*ms produce jgas from lactose^ 
when neither can do so* alone 
(synergism). 

The Fecal Coliform Component of the 
Coliform Group (as determined by elevated 
^temperature test) 

1 . Merfts 



b These orgtoisms are of relatively 
jUifrequent occurrence except in 
a'l^ociatiori with fecal pollution. ' " 

c .Survival of the fecal coliform- group 
is, shorter in ^environmental waters 
,tlian for the coliform grpup aj^, 
whole. It follows, theaf that lUgh 
• densities of fecal colifprmb is 
indicative of telativelyf ecent 
pollution. ^] 

d Fecal coliforms generally do ndt 
multiply outside the intestines of 
warm-blooded anfmals. In certain 
vhigh-carbohydrate wastes^ ^ch as 
from the sugar bteet refineries, 
exceptions have been noted. ' 
-= ? 

e -In spme ^vvas'tes, notably those from 
pulp fi^d'paper mills, ^Klebsiella has 
been found in llrge numbers 
utilizing the elevated temperature 
test. There has been miich contfo- 
vjersy about whether the occurrence 
6f.KlebsieUa~is due to aftergrowth 
due to soluble ^arbbhySrates in such 

^ wastes. The significance of " ' 
Klebsiella as ah indicator of'direct 
discharge of intestinal. wastes thus 

'* is under challen*ge. The issue is r 
still further cpmplicated by questions 
over whether Klebsiella i^ in and of 
itself a pathogenic organism or'is 
potentially pathogenic. This is a' 
serious problem? whi^h is the subject 
of intensive research efforts. 



2 . limita 



The majority' (over 95% of the coli- 
form bacteria from intestines of 
warm-blooded animals grow.at the 
elevated temperature/ 



Faces' from warm-bloode^ animale 
include some (thou|^ proportionately 
low]( numbers of coliforms which do 
not* yield a positive fecal coliform ' 
test when the Elevated tempex'attire 
test is used as* the criterio|^ of 
differentiation. The^e organisms 
JS* varieties by present , 
taxonomic classification* 

There is at present no established 
and consistent correlation between 
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ratios of total coliforms/fecal 
conforms in interpretlng,^anltary 
quality of environmental waters. 

' In domestic sewage, the, fecal 
coliform density coxj^monly is 
greater than 90% of the total * 
coUfo'rm density, to environmental 
waters relatively free from recent 
poUutiOT, the fecal coliform density 
may range from 10-30% of the total 
c61ifdrms. There are,, however, • ' 
too mfiiny variables relating *tb 
water-borne wastes^and surface 
water runoff to permit sweeping 
* generalization on thel numerical 
• relationships between f^cal- and 
toial coliforms. | 

c ^Studies have been made 
/ regarding the survival of fecal 
'^'coliforms in polluted watefs 
compared with that of enteric 
pathogenic bacteria. In recent 
pollution studies, species of ' 
Salmonella have been|' found <p the 
presence of 220 fecal coliforms per 
' 100 ml (Spino),. arid 110 fecal 
col^brms per 100 ml (Brezenski, 
Raritan Bay Project). 
■% 

The Issue of the Klebsiella problem ^ 
described in an earlier paragraph 
mayodtlmately be resolved as a 
merir or as a limitation of the value 
of the fecal coliform test. 



V APPLICATIONS OF COUFORM TESTS 

A- Current Status In Official Tests 

1 The coliform grotap is designated, in ' 
'^Standard Methods for the Examination 
of Water and Wastewater" (14th ed., 
1975), throu^ the Completed Teat 
MPN procedure as the official test 
for bacteriological potability of watep. 
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(The Confirmed Tipst MPN procedure 
is accepted where it has been demon- 
strated, through comparative testsr ^ 
to yield resiilts equivalent to the 
Con4)leted Test. The* membrane filter 
method also is accepted for examination 
of wa^rs subject to interstate regulation^ 

2 The 12th edition of Stan^d Methods 
introduced a standard test for fecal 
coliform bacteria*. It As emphasized 
that this is to be used in pollution 
studies, and does not c^ijly to the /* 
evaluation of water for potability. 
This procedure has been- continued in ' - 
the 13th and 14th Editions. 

B Applications^, 

1 Tests for the coliform group as a 
whole are us^d in official tests to 
comply with interstate drinking water 

. standards, ^sjtslte standards for shell* 
fish waters, and in niost, if not all; 
dases where bacterial standards of 
water quality have been established 

« for such use. as in recreational or 
bathing waters, water supplies, or 
industrial supplies. Laboratory 
personnel stiould be aware of possible 
implementation of the fecal coliform 
group as- the official test for recreational 
and bathing waters. 

2 The fecal coliform test has application 
in water qUality/surv^ys, as an adjimct , 
to determination of total coliform 

. dfensity/ The fecal coliform test is 
beiqg used increasing^ in all water 
quality survey©. ^ , 

3 It is emphasized that no responsible 
i^qrker ^di^dates substitution of a 

• fecal coliform test for total coliforms 
^in-evaluating drinking water quality. 
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Part 3. Jhe Fecal Streptococci 



I INTRODUCTION 



Investigations regarding strepjococci • 
progressed from the streptococci of medical^ 
concern to those- which were distributed in 
differing environmental Conditions which, 
agaip, related to the welf^e of man. The 
streptococci w«re originaBy reported by Law|B^* 
and Andrews C1894), and Houston (1899, 1900) 
considered those strepjtococci, which we now 
call "fecal streptococci, as . . . "indicative 
of dangerous pollution, since they are readily 
demonstrable in waters recently polluted and' * 
seemingly *£Cltogether absent from waters above 
suspicion of contamination. 

From their discovery to the present time the 
f^cal streptococci. appear characteristic of 
f^cal pollution, being consistently present*in * 
both the feces of all warm-blooded animals 
and in the environfJient associateG} with animal 
discharges. As early as 1910 fecSfcl^pt^epto- 
cqcci were proposed as indicators^ fb th^ 
Metropolitan Water Bosurd of Londor 

However, little^^progress resulted in^^ 

United States until improved^ethods of 
detection and enumeration appeared after 
World War 11. , • ' 

•Renewed inter est\ in the group as indicators 
began with the introduction oX.azide dextrose 
broth in lasO, (Mallmatin* & Seligmann, I950)« 
The method ^hich is in tjie cifrrent editiop , 
of Standard Methods appeared soon after. ' 
(Utsky, et al. 1955). 



With the advent of improved methods for 
detection and eniuneration of fecal strep- 
tococci, significant body of technical 
literature has appeared. 



This outline will consider the findings of 
various investi^tors regarding the fecal 
streptococci and the significance of discharges ^ 
of these organisms into the aquatic environment. 



n FECAL MATERIALS 
A Definition 



^^IJie terms "enterococci, " "fecal 
sS^ptococci, " "Group D streptococci, " 
"Streptocbcjgus fecalis' , " and even 
' streptococci have^been used in a lopse 
and interchangeable manner t^o Uk^icate 
the streptococci present in thW^nteriq 
tract of warm'-bloodeji suiimal^ or of the * , 
fresh fe6al nriaterial excreted therefrom. 

Enterococci are characterized by specific 
'taxonomic biochemistry. Serological 
procediires differentiate the Group D 
streptococci from the various groups. 
Although they overlap, the three groups, 
fecal streptocoQCus, enterococcus, and 
CJrdup^D streptococcus, are not synonymous. 
Because our emphasis is on indicators of 
umsanitary origin, fecal streptococcus is 
tie niore apprcfpriate teirm and will include 
tne enterococcus as welJ^as other groups. 

IncYe^^ing attention is belhg^id to certain 
streptococci found in htimfiCns and certain 
birds whic were, at one time, considered 
ta be biotypes -of Str, faecalis or 
, Strv_Jaecium and therefore legitimate 
fecal streptococci. These are now con- 
sidered to be in a separate group in their 
own right, the Group Q $treptococci. . ^ 

A rigid definition of the fecal streptococcus 
g/oup is not possible with our present 
knowledge. The British Ministry of Health 
(1956) defines the organisms as "Gram- 

* positive" cocci, generally occurring in . 
pairs or short chains, growing in the , 
presence of bile 'salt, usually cs^able of 
development at 45° C, producing ^cid but 

V not gas in mannitol and lactose, failing to 
attack raffinose; failing to reduce nitrate 
to nitrite, producing acid in litmus milk* 
and precipitating the casein in the form of 
a loose, but solid curd, and exhibiting a 
greater resistance to heat, to alkaline 
conditions and to high- concentrations of 
salt than most vegetative bacteria. " 
However, it is pointed out that'"streptococci 
depli^Ung in'one or^mdre particulars from 
the type species cannot be disregarded 
in water. 
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Standard Methods CHth ed. « 
• describes Uie fecal streptococci as p\ire 
culture selective mediu]?i organisms 
which are Catalase negAtiv^ and capablp* • 
of originating growth in Bm^lSroth 
(45*C.. for 48 hWs) anc^ Bile broth^ 
medium (35* Cr for 3 days). 

t 

For the proposes of this outline, and in line ' 
with the consensus of most water micro- 
biologists in this country, the general 
d^finit^on^of the fecal streptococci is , 

, . H "The group"n:omposed of Group Dand Q 
species con^iS^tently present in — ^ 
signifi<:ant numbers in fresh fecel 
^ . excreta of warm-blooded animals, • 
which includes all of the en|«rococcus 
group in addition to other groups of ^ 
streptococci." 

B 'Species Isolated ^ 

1 Findings 

a ' Human feces 

Examination of human fecal specimens 
yields a hi^h percentage of the 
enterococcus group and usually 
demonstration of the S , salivgirius 
Avhich is generally considered a 
member of the human tliroat flor^ 
and to be surviving in human fe^ 
materials rather than actively 
multiplying in the enteric tract. 
Also present would be a small 



/ 



percentage- of variants or biotypes 
of the enterococcus group. 



b" Nonhuman Feces 

1) Fecal material which are from 
nonhuman^ and not from fowliwill 
yield high percentages of the 

' S. bovls and/ or S> equinus / 
organisms with a concomitantly 
reduced percentage of the/ 
enterococcus group. 



2) Fowl excreta 



Excrement from fowl characteris'- 
tically yields a larg^ percentage 
of enterococcal biotTOes 
(Group Q) as well as/a Significant 
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percentage of enterococcus 
group. 

2 Significance 

Species associations with particular 
animal hosts is an established fact and 
leads, to the important laboratory 
technique of partition counting of colonies 
from the membrane filter or agar 
pour plates in order to establish or 
confirm the source of excretal 
pollution in certain aquatic investi- 
gations. ' 

It is importalit to^realize that a suitable 
medium is necessary \n order to 
allow all of the streptococci which 
we consider to be Cecal streptococci 
to grow in-order to giye credence tb!i 
the derived opinions / Use of liquid 
growth media into vffeich direct 
inoculations from tfil^:^mple are 
made have not proven to 6e successful 
for partition coiihting due to th% differing 
. growth rates of the various species of 
streptococci altering the original 
percentage relationships. Due to the 
- limited survival capabilities of some 
of the fecal streptococci it is^ necessary 
to sample fresh fecal material or waiter 
samples in close proximity to the 
pollution source especially when 
multiple sources are contributing to a 
reach* of water. Also the pH range 
must be within the range of 4. 0-9. 0. 

Standard Methods (14th e^d. , 1975) now 
includes a schematic allowing for the 
identification of fecal streptococci types' 
present within a given sample. • 

ni FECAL STREPTOCOCCI IN THE 
AQUATIC ENVIRONMENT 

A. General ' 

From the foregoing it is app>ears that 
the preponderant human fecal streptococci 
are composed of the ent|f^rococcus group 
and, .as this is the case, several media are 
. presently available which will detect only 
the enterococcal group will be suitable 
for use with aquatic samples which are 
known to be contaminated or potentially 
contaminated y^rith purely domestic 
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(human) waBtes. On the other hand, 
' .when .it known or suspected that other- , . 
than-human wastes have potential egress 
^o the aauatic env^iri^inment under investi- 
gation, iKis necessaVy 'to utilize those 
media whxbh are capable t>f quantitating ^ 
the whole of the fecal streptococci group* 

B Stormwaters and Combined Sewers • 

1 General - . \ 

Storm sewers are a series of pit>es 
"^nd conduits which receive surface 
runoffs from the action of r^ainitorms 
and do^ot include sewage whiw are ^ 
borne by a system of sanitary sewers, 
Cbmbined.^sewfers receive both the^storm 
nmof^ attd the water-borne 

* tjastea of the sanitary system, 
"Both storm (vater and combined 
sewer flows have been found to 
usually contain large quantities of 
^ecal streptococci in numbers which 
generally are larger than those of * 
the fecal colrform indicator organisms. 

V 

2 Bacteriological Findings ^ 

Table 1 represents, in a modified form, 
- some of the findings of Geldreich and 

Kenner (1969) with respect t6 the 

densities of fepal streptococci when. 

considering Domestic sewage in contrast 
* to Storrnwaters: 

The Ratio FC/FS is that of the 

Fecal coliform and Fecal streptococci 

and it will be noted that in each case, 

* when considering the Domestic 
Sewage, it is 4, 0 or greater while 
it is less than 0,7 for stormwaters. 

' The use of this ratio is useful to 
identify the source of pollution as 
being human or nonhuman warm- . 
blooded animal polluted. When the ratio 
is greater than 4,0 it is considered to be 
human waste contaminated while a ratio 
of less than 0,7 is ccmsidered to be 

. nonhuman. It is evident that* the storiji- 
^ ■ waters" have been primarily polluted by 

. excreta of rats and other rodents and 
possibly domestic and/or farm animals* 



Species differences are the main* cause 
of different fecal tolif or m- fecal * 
streptococci ratios. Table 2 compares 
fecal streptococcus and fecal colifor*m 
counts for different species. Even 
though individxials vary widely, masses 
of individu^ in a species have charac- 
teristic proportion of indicators. 



Surface Waters 



In generlil, the occurrence of fecal 
streptococci indicates fecal pollution and ^ 
its absencj^ indipates that little or no 
warm-blooded fecal contribution. In 
studies of remote* surface Waters the fecal 
streptococci are infre^quently isolated and \ 
occurrences of small numbers can 'be 
attributed to*wild life artd/or snow melts 
and resultant drainage flows. 

Various examples of fecal streptococcal 
occurrences are shown in Table 3 in * 
•relation to surface waters of widely varying 
qusQity.* (Geldreich and Kenner 1969) 



IV FECAL STREPTOCOCCI: 
AND LIMITATIONS 



ADVANTAGES 



A General 

Serious studies concerning the streptococci 
wez:ip instituted when it^bedame apparent 
,that they were the?- agents responsible or 
suspec^d for a wide variety of human 
diseases. Natural priority then foiused 
itself, to the taxonomy of these organisms * 
and this study is still causing constetnation 
as more and mor^ microbiological techniques 
have be.en brought to bear on these questions. 
The saiiitary micrbbiologist is concerned 
jvith thoiie streptococci whfch inhabit the 
enteric tract pf warn^-blooded animalis, 
their, detection, and utilization in develop- 
ing a criterium for water quality standards. 
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Table 1 

DISTRIBUTION OF F^:CAL STREPTOCOCa 
JN DOMESTJItfEWAGBS AND STORMWATER 
^ RUNOFFS . 

Fecal Streptococci 

per 100 ml Ratio 
Water Source — median values FC/FS ^ 



Domestic Sewage 
Preston, ID 64^000 
Fargo, ND 290,000 
\ * Moorehead, MN 330,000 
ancinnati, OH 2,470,000 
Lawrence, MA 4,500, 000 
• V J^onroe,.,MI , , 700,4)00 
Denver, CO 2,900, 000 

Stormwater 
^ Business Distf ict-^1, 000 
Residential 150,000 
/ Rural s 58,000 



5.3 
4.5 
/ 4.9 
4.4 
4.0 
27.9 
16.9 



0.26 
0.04 
0.05 



Table 3 ^ \ . 

DEDICATOR ORGANISMS IN SURFACE 
WATERS * 
Densities/ 100 ml 
Fecal' Fecal 
Water Source coUtorm streptococci 

Prairie Watersheds 

C3ierry Creek, WY 
Saline River, KS 
Cub River, ID 
. Clear Creek, CO 

. Recreational Waters 

Lake Mead 
Lake'^oovalaya 
Colorado River 
Whitman River 
Merrimack River 

Public Watgr Intakes 



90 
95 
110 
170 



2 
9 
4 

32 
IDO 



83 
180 
^ 160 
110 



444 
170 
256 
88 
96 



Missouri River (1959) ' 
Mile 470.5 11,500 
Mile 434.5 22,000 
Mile 408.8 14,000 



39,500 
79, 000 
59, 000 



Table i ESTIMATED PER CAPITA CONTRIBUTION OF INDICATOR^^flCROORGANISMS 

FROM SOME ANIMALS* 



Average indicator 
density per gram 
of feces 



Average contribution 
per capita per 24 hr 



Animals 


Avg wt of 
Feces/ 24 hr, 
wet wt, g 

• 


Fec^J 
conform, 
million 


Fecal 
streptococci, ^ 
million 


Fecal 

coiiform, 

million 


Fecal 

streptococci, ^ Ratio 
million cj FC/FS 


Man * 


J. 

150 


13.0 


3.0 


2,000 


^50 ; —.4.4 


^ Duck " 


336 


33*0 


54.0 


11,000 


18,000' ' 0.6 


Sheep 


1,130 


16.0 * 


38.0 


18,000 


43, 000 0. 4 


Chicken 


182 ' 


. 1.3 


3.4 


^40 


620 ' 0.4 


Cow 


23, 600 


0.23 


1.3 ' 


5,400 


31, 000 0. 2 


Turkey 


448 


o 0.29 


2.8 


130 ^ 


1,300 • ' 0.1 


Pir 


2.700 


3.3 


84.0 


8,900 


230,000 0.04 



^Publication WP-20-3, P. 102 
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TSbler (1962) discussed the slow acceptance 
of the fecal streptococci as indicators of 
pollution resulting from: 

1 Multiplicity and difficulty of laboratory' 
procediures 

2 Poor agreement between methods of 
quantitative enumeration 

3 Lack of systematic studies of « . • . 
a sources 

b survival, and ' ^ 
c interTpretations, and 

4 Undue attention to the S> faecalis group* 

Increased attention to the fecal streptococci, 
^specially during the last decade, have 
, clarified many of the earlier clcjtldy issues 
and have elevated the stature of these 
organisms as indicators of pollution. 
Court precedents e^blishing legEil status 
and recommendations of various technical 
adviso'ry boards hav.e placed the fecal 
conform ^oup in a position of primacy 
in many wat^r quali^ applications. The 
fecal streptocogci have evolved from a 
position of a theoretically useful indicator 
to one which was ancillary to,.the coliforma. 
to one which wa^us^l when discrepancies 
or questions evolved as to the validity>of 
the coliform data to one^here an » equality 
'status was achieved in ce^ain applications. 
In the future it is anticipate^vtiiat, for 
certain applications, the fecsLTstreptojcocci 
will achieve a position of primacy for / 
useful data, and, ks indicated by Litsky 
(1955) "be takeh out of tfie realm of step- - 
children and given their legitimate place 
in the field of santiary bacteriology as 
indicators of sewage pollution. " 

B Advantages and limitations* 

1 Survival ^ . 

In general, the fecal streptococci have 
been observed to have a more limited 
survival time in the aquatic environment 
when compared to the coliform group. 



They are rivaled in this respect only 
by the fecal colifornvs. Except for cases • 
of persistence irv waters of high* electro- 
lytic content, as may be common to 
irrigation waters,* the fecal streptococci 
have not been observed to multiply in 
polluted waters as may sometimes be 
obsejTved for some of th6 coliforms. 
Fecal streptococci usually require a ^ 
greater abundance of nutrients for'sur- 
vival as coj^pared to the coliforms and ,^ 
I th^-ooiaSfms are more dependent upon 
' the oxygen tension^in the waterbody. 

In a nxmiber of situatigris it was concluded 
that the fecal strept^ar^o^i reached an 
extinction point more rapidly inc warmer 
waters while the reverse was true in the 
colder situations as the coliforms now 
were totally eliminated sooner. 

{ 

2 Resistajice to Disinfection 

In artificial^pools the source of ' 
contamination by the Bathers is 
usually limited to throat and skin 
flora and thus increasing attention 
hAs been paid to indicators other > 
than those traditionally from the 
enteric tract. Thus, one of the 
organisms considered to be a fecal « 
streptococci, namely, S« salivarjus , ' 
can be a more reliable indicator ^ 
"when detect?ed along with the other 
fecal streptococci especially since 
studies have confirmed the greater 
resistance of the fecal streptococci 
to chlorination. This greater 
resistance to chlorination, when 
compared to the fecal coliforms, is 
important since the dieoff ciurve 
differfehces are insignificant when 
the- curves of the fecal coliforms 
are compared to various Gram ' 
negative pathogenic bacteria which 
reduces. their effectiveness as 
indicators. 

3 Ubiquitous Strains 

Among the fecal streptococcus are 
two orgcfnisms, one a biotype and 
the bther a variety of the S. faecalis, 
which, being ubiquitous (omnipresent) 
have limited sanitary significance. 



\ 
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The biotype, or atypical, S» faecalis 
is characterized by its ability to 
hydrblyze starch while the varietal * 
form, liquefaciens> is nonbeta 
haemolytic and capable of liquefying 
gelatin. Quantitation of these organisms 
in anomalous conditions. is due to their 
capability of survival in soil or hi^ 
electrptytic waters and in waters with 
a temperature of less than 12 Degrees C. 

Samples have been encotmtered which 
have been devoid of fecal coliforms 
and yet contain a substantial number of 
"fecal streptococci" of which these 
ubiquitous strains constitute the majority 
or all of the isolations when fiinalyzed 
biochemically. 

V STANDARDS AND CRl^j^IA 

Acceptance and utilization of Total Coliform 
criteria, which must now be considered a 
pioneering ^effort, has largely been supplanted 
in concept and in fact by the fecal coliforms 
in establishing standsurds for recreationid 
waters* 

The first significant approach to the utiliza- ^ 
, tioii of the fecal streptococci as a criteritun 
for recreational water standards occurred in 
1966 when a technical committee recommended 
the utilization of the fecal streptococci with the 
total' coliforms as criteria for standard? 
pertaining to the CalUQiet River and lower • 



Lake Michigan waters. Several sets of 
criteria wer^ established to fit the intended 
uses'for this area. The use of the fecal 
Streptocopci as a criterium is indicated to 
be tentative 'pending the acctunulation of 
existing densities and could be modified in 
futwe standards. 

With the existing state-of-the-art knowledge 
of the presence of the fecal streptococci in 
^waters contaixiing low numbers of fecal 
coliforms it is difficult to establish a specific 
fecal streptococcus density limit of below 
100 orgaxiisms/100 ml when used alone or 
in conjunction with the total coliforms. 

The mr^st useful application of the fecal 
streptocopcus test is in the development 
of the fecal coliforms fecal streptococcus 
ratio as previously described. 
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Part 4. Other Bacterial Indicators of Pollution 



I TOTAL%ACTERIAL COUNTS 
'a Historical 

1 The early studies of Robert Koch led 
him to develop tentative standards qf 
water quality based on a limitation of 
not more than 100 bacterial colonies 
per ml on a gelatin plating medium 
incubated 3 days at 20oc. 

2 Later developments led to inoculation 
of samples on duplicate plating media, 
with one set incubated at 370 C and the 
other at 20OC. 

a< Results were used to develop a ratio 
between "the 37ofc,coxmts and the 
2 OOC counts. 

b Waters having a predominant > 
count at 37° C were regarded as * 
being of probable sanitary signifi- 
cance, while those giving 
predominant coimts at 20° C were 
^ considered to be of probable soil ^ 
origin^ or natwal inhabitants of 
the water being examined. 



B Groups Tested 

There is no such thing as '^total" bacterial 
count in terms of a laboratory determination, 

1 Direct microscopic counts do not 

• differentiate between living and dead 
cells « 

2 Pla'te counting methods enumerate only - 
the bacteria which are capable of using 
the cultture medium provided^ under' the 
temperatiire and other growth conditions 

^ used as a standard procedure* No one 
culttire mediimi and set of groia^ 
. conditions ca)|U;>rovide, simultaneously, 
an acceptable environment for all the 
* heterogeneous, often conflicting, 
. requirements of the total range of 
' bacteria which may be recovered froth " 
waters* » * * ^ *i 



C Utlli^tion of Total Counts 

1 , Total bacterial coimts, using plating 

methods, are useful for: 

' a Detection of changes in the bacterial 
i. composition of a water source 

b Process control procedures in 
treatment plant operations * ♦ 

c Determination of sanitary conditions * 
in plant equipment or distributional 
systems 

^\ 

2 Serious limitations in ifcotal bacterial . 
coimts exist because: ^ 



1 



• a No information is given regarding 
possible or probable fecal origin 
of bacterial changes. Large numbers 
of bacteria can sometimes be 
cultivated from waters known to be^^ 
f?ee of fecal pollution. 

» 

No information of any kind is given 
about the species of bacteria 
cultivated i 



There is no differentiation between 
harmless 'or potfritially dangerous 
forms* 



3, Status of total counts 

' Methodology for the determinsftion of 
the Standard Hate Cotmt has been 
" retained in the 14th Edition of Standard 
^Methods for the stated reasons 

. . ♦ "total CQMnts may yield useftil 
information about the quality of 
water and supporting data on the 

1 sfenificance ofcoliform results 

also, useful in judgjtng the efficiency 
in operation of various water treat- 

^ ' *ment processes and may have sig- 
nificant application as an in«*plant 
control test. It is also valuable for 
periodic checking of finished 

r distribution water" 

(abridged for this inclusion) 
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V 



Technique for the Standard Plate 
Count idinecessary tor the 
performance of the Distilled Water 
Suitability Test as outlined In 
Standard Methods and elsewhere within 
this manual* 

B Spore-Forming Bacteria ( Qostridium 
perfringens , or C> welchii) 

1 Distribution 

Thi& is one of the most widely distrlbv^ed 
species of bacteria. It is regularly 
present in the intestinal tract of warm- 
blooded animals, * 

2 Nature of organism 4 

C> perfringens is a Gram-positive, 
spore-forming rod. The i^ores cause 
a distinct swelling of the^ell when 
formed. The organism is extremely 
active in fermentation of carbohydrates, 
and produces the well-known "stormy 
fermentation" ot milk. 

3 Status 

The organism^ when present, indicates * 
that pollution has occurred at some 
time. However, because of the ex- 
tremely extended viability of the spores. 
It Is Impossible to obtain even an 
apppoximatlon of th^e recency of pollution 
based only on the presence of 
C, perfringen8 > 

The' presence of the organism does not 
necessarily Indicate' an unsafe water* 

C Tests for Pathogenic Bacteria of Intestinal 
Origin 

1 Groups considered include Salmonella 
sp. Shigella sp. Vibrio comma , 
Mycofacterluin sp, Pasteurella sp, 
Leptospira sp, and others. 



2 Merits of direct tests; 

Demonstration of any pathogenic 
species would demonstrall^ian i 
unsatisfactory water quality, hazardous 
to persons consuming or coming into 
contact with that water. 

3 limitations 

4- 

a There is no available routine pro- 
cedure for detection of the full 
rangfe of pathogenic bacteria cited 
" above. ? 

b Quantitative methods are not avail- 
able for routine application to any 
of the above. 

c The intermittent release of these 
pathogens makes it Impossible to 
regard water as safe, even in the 
absence of pathogens. 

d After detection, the public already 
would have been exposed to ihe 
organism; thus, there is no built-in 
margin of safety, as exists with 
tests for the coliform group. 



4 Applications 

a In tracing the source of pathogenic 
bacteria in epidemiological Investl- 
gatlon^^ y 

b In special research projects 

c\ln water quality studies concerned 
with enforcement actions against 
pollutlqp, increasing attention Is ' 
being given to the demonstration of 
enteric pathogenic bacteria in the 
presence of the bacterial indicators 
of pollution. 

D Miscellaneous Indicators * 

It Is beyond this discussion to explore the 
total range of microbiological Indicators 
of pollution that have been proposed and 
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investigated to some extent* Mention can 
be tndde, however* of consideration of 
tests for the following. 

1 Bacteriophages specific for any of a 
^ number of kinds of bacteria 

2 Tests for Enterovirus 

3 Serological procedux^es forjdetectidn 
. of coliforms and^othemndicators: a 

certain amount of recent attention'^has 
been given to applications of fluorescent 
antibodies in such tests 

4 Tests for Klebsiella 

5 Tests for Pseudomonas aeiniginosa 

6 Tests for Salmonella 

7 Tests for F\ingi 

8 Tests for Staphylococcus 
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EXAMfl^ATION OF WATER -FOR doLlFOflM AND, 
I!*ECAI..-STREPTOCOCCtJS <3ROUP& • « 
(Multiple Dilution Tube [MPI^ Methods) . 



" I INTRODUCTIdN ^ 

The subject matter of this outline is containec 
. . in tlit^ee parts, as follows: ^ _ , 

A Part 1 

1 Fundamental aspects of multiple dilution 
— tube ("most probable numbers") testg/ 

both from a qualitative and a quantitative 
. viewpoints 

2 Laboratory bench records. . 

"* ^ 

3 Useful techniques in multiple dilution 
tube methods, 

^ . 4 Standard supplies, equipment, and 

^medi^in multiple dilution tube tests.* 
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B Part 2 



Detailed, day-by-day, procedures i^, tests 
for the coliform group and subgroups 
within the coliform group*. 

Cf Part 3 . 

Detailed, day-by-day, procedures in tests 
for members of the fecal streptococci, 
$ 

D Application of , Tests tQ Routine Examinations 

The following consideAtions (Table 1) apply 
to the selection of the^resumptive Test, 
tiae Confirmed Test, and the Completed 
Test, Termination^of testing at the 
Presmnptive -Test^level is not practiced 
by laboratories pf this agency. It ij^st^ 
be realized that the Presumptive Te^t alone 
has limited use when water quaUty is to 
be determined, ^ • ' 



TABLE 1 



Type of Receiving 
Water 



Examination Terminated at - 



Presumptive 
Test 



Confirmed Test 



Completed Teat 



Sewage Receiving 
Treatment Plant - Raw 



Chlorinated 



Bathlnp 



Drinking 



J— 

Other Information 



Applicable 
^» Applicable 



Applicable 
Applicable 



\ Not Done 



ApplicabJLe 



Not Dome 



Applicable 



\Not Done 



Applicable 



Applicable in all 
cases where Pre- 
sumptive Test alone 
is unreliable. 



Important where results 
are to b^ used for control 
of raw or finished watef . 
Application to a statis- 

'tically valid numb^ of 
samples from the 
Confirmed Test to esta^- ^ 
lish its validity in 
determining the sanitary 

/quality. 



NOTE: Mention, of commercial products and mahufacturers does not fmpjly endorsement by the 
Environmental Protection Agency. < ' ' 
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BASIS OF MULTIPLE TUBE TESTS 
Qualitative Aspects 

1 For purely qualitative aspects Qf testing 
for indicator organisms, it is^convehient 

Hft to consider the tests applied to one 
sample portion, inoculated into a tube 
of culture medium, and the follow-up 
examinations andjtests on^results ofjthe , 
ortgix\al ir^culation. Resultj3 of testing 
procedures are definite: positive 
(presence of the organism- g1:;oup is ♦ « 
demonstrated) °o r negative (pfesence of 
the organism- group is not demonstrated. X " 

2 Test procedures are based on certain 
fundamental assumptions: 

a ^irst, even if only one living ce^ of ^ 
. the test organism is present in the 
sample, it will be able to gfOwVhen 
introduced into the primary inoculation 



medium; 



b Seqond*, growth Of the test organism 
in the culture medium will produce* 
^ a result which indicates presence of 
' ^ the test organism; and, 

c Third, extraneous organisms will 
not grow, or if they do grow, they ^ 
' win not limit growth qf the test > 
* organism; nor will they produce , 
growth effects that will be confused 
with those of the bacterial group for ^ ^ 
which the test is designed. ^ 

Z Meeting theBe assumptions usually ^ 
- nu^kes it necessary to conduct the testjs 
in ia series of stages (for examWle^^e 
Presumptive^ Confirmed, and Completed 
Test stages, respectively, of^tandard 
tests for the colifprm group).. *^ 

4 features of "J^i fiill, multi-stage test 

a First stage: Ttle culture n^jpum 
usually serves priinarily as aii 
enrichment medium for the group 
tested. A good first- stage growth • 
medium should support growth of all 
the' living cells of the group tested^ * 
and it should'lnclude provision for 
indicating tl)e presence of* the test ^ 
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organism being studied.- A first- 
stage medium may include Some 
component which inhibits growth 
of extraneous bacteria^ .but this ^ 

* featwe never should b^ included 
* if it also inhibits growth* of any ^ 
cells of the group for which the ^ 
tesj.i?s designed. ThePresumj^tive** 
Test for 'the coliform group is a 
good example. The mediup 
.supports growth, presumably, of 
aU living cells of the coliform 

group; the. culture container has a 

• fermentation vifid for demonstration ^ 
of gas production res:pltlng from 
lactose jfermentation by coliform 
bacteria, if present; and sodiurn 
lauryl sulfate may be included iA / 

. one of the approveji media for i ^ 

* suppression of ^owth of certain) 

« nonconform bacteria • This 
additiVe apparently has no adverse 
effect on growth of members of the ^ 
colifori^n group in the concentration 

" usejd. If Jthe re suit, of -the first- stage 
test is negative, the stuchc.of the 
culture is terminated, arifi the result^ 
is recorded as a negative test. • No 
further study is rtiade of negative 

%Ust&»' If the result of the first- 
^ sta^e test is positive, the cxilture 
may be .subjected to further study 

• to verify the findings of the first 
stage. i 

b Second ^tage;. A' traoisflH^iB n\ade' 
from positive cultures of the first- , 
stage test to a second. culture medium* 
This test stage emphasizes provision 
to reduce confusibn of results due to 
gnowth effects of extraneous bacter^^,' 
commonly achieved by addition of 
- selective inhibitory agents . (The ^ 
.Confirmed Test Jfor coUfofms meets 
these requirements. Lactose and 
fermentatibn Vials are provided for 
demonstration of^cpUforms in the' 
medium. BriUiant green dye and 
bile^salts are included aa^inhibitory 
0 - ag^ts which tend to suppress growth: 
of practically .all kinda ^f noj^coUfoto 

• bacteria," bdt do -not auppress.^rowth 
« of coliform bacteria when used as 

directed). \ • 
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If result of the secoi^d-stange test is 
negative, the study of the culture 4s 
Jerminated, ^nd the result is recorded 
as a negative test. A negative test here 
means that the positive results of the - 
fii»st-stage^test were "false positive, " 
due to one or more kinds of extraneous 
bacteria. ;A positive second- stage test 
is partial confirmation of the positive . 
" results obtained in the first- s^age test; 
the culture may be subjected to final 
identification 'through application of still 
o further testing procedures. In routine 
/practice, mbst sample examinations * 1,, 
are terminated at the end of the second 
stage, on ''the as^sumption that the refsult . 
would be positive if carried to the £hird; 
and final stage. Thii^ practice should be 
followed only if adequate testing is done 
to demonstrate that the aiesumption is 
valid. Some workers recommend contin- 
uing at leai^ b% of all sample examina- 
tions to the third^Btage to demonstrate 
the reliability of .the second- stage resultt 
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B 'Quantitative Aspects oS Tests 



These methods for determining bacteria 
numbers are^ based on the assumption 
that the bacteria can be separated from . 
pne anoth^n (by shaking or other m€ans) 
resulting in a suspension of individual 
bacterial cells, uniformly distribufed 
though the original sample when the 
prixxwiry inoculation is made, ' 

Multiple. cfilutio\ tube tests for quantita- 
tive determinations apply a Most Probable 
Number (MPN) technique. In this pro- 
cedure one or more measured portions , 
of each of a stipulated series of de- 
creasing sample volumes is inoculated 
into the first-stage culture medium, , 
Through decreasing the sample incre- 
ments; eventually a volunie is reached 
where only one cell is introduced into 



some tubes, and no cells are produced 
infd. other tutes. feach of the several 
' tubes of saniple -inoculated first-stage 

medium is tested independently, 
' according to the principles previously 
described, in the qualitative aspects 
of testing pik)cedure^\ 

3* The combination of positive and- 

negative results is used in an application 
of probability mathfema^cs^to secui^e 
• * a single MPN value for thd sample. 

4* 'To»obtain MPN values, the following 
^conditions must be =met : ^ 

a The testing procedure must^P^ult 
in one or 'more tubes in which tl^e 
test orgafiism is demonstrated to 
be present; and 

b 'The testing procedure must result 
in one or more tubes iin which^the 
test organism is not demonstrated 
to be p^senj. , 

5 The MPN vaiue for a giveii sample is . 
obta^ed thr^xigh the use of MPN Tables. 
It is emj^asized that the precision of* 
an individu^JrMPN value iS not grdfeit 
when conipai:ed with most physical oh 
chemical determinations, 

6 Standard practice in water pollution 
surveys conducted by this organization, 
is to plant five tubes in each of a series 

^ of sample increments, in saunple 
volumes decreasing at decimal intervals. 
For example*, in testing known polluted 
waters, the uiitial sample inoculation^ 
might coQsist of 5 tubes each in volumes 
of 0.1, 0.01,0.001, and p. 0001 ml, 
-respectively. This series of sample 
volumes wiiryield detaff minate result^ 
frdtti a iow o? 200 to a^igh of i; 600, 000 
organisms p0r 100 ml.*^ 
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in LABORATORY BENCH RECORDS 
• I, * 

A Features of a Good Bench Record Sheet 

1 Provides complete identification of the 

•sample. 

».> * 

2 Provides for full, day-by-day informa- 
. tion about all tests performed on th6 

sample. , . 

3 Provides easy step-by-step record , * 
-V 'appJicaBle to any portion of the sampk, 

4 Provides for recording of the quantitative 
* ^ , result' which will be transcribed to sub- 
Sequent reports. 

5 Minimizes th'e amount of >^ritlng by the 
analyst. ^ . ^ ^ 

b Identifies the analyst(s). 

B. There is no such thing as "standara" 
bench sheet for multiple tube tests; there 
are nany versions of bench-sheets. Some 
are prescribed by adix^inistrative authority 
(sudi as the Office of a State Sanitary " 
Engineer^; others are devised by laboratory 
or project personnel to meet specific needs. 



It is not the purpose of this discussion to 
recommend an "ideal" bench form; however/ 
the form used in this training course 
'manual is essentially similar to thai used 
in certain'research laboratories of tlds 
organization. The student enrolled in the 
course for which this manual is written" ' 
should inake himself thorou^jrj^Ailiar ' 
Mrith the bench sheet and its prd^Kuse. 
See Figure 1. ; , 



IV NdTES ABOUT WORliiNG PROCEDURES 
IN THE LABORATORY 

A Each bacteriological exaniination of water 
by;nuitiple dilution tube methods requires 
a considerable amoimt of manipulation; 
much is quite repetitious. Inaboratory 
workers must develop and maintain good^ 
rOTUtine working habits, -^with constant; • 
alertness to gi^rd against lapses into ^ 
careless, slip-shod laboratory jhrocedures 
^ an(i "short cuts" which only can lead to ' 
lowered quality of laboratory work. 

B Specific attention is brought to the following 
* by no means eidiavijBtive, _ critical aspects of 
laboratory procedures in mixltiple dilution 
tube tests: ^ » - \ 

1 , Original sample 

a Follow prescribed car^ and handling 
, ' proce,cJures before.testing. 

* ' ^ ' . " ♦ ' * \ . ' 
b Maintain absolute idehtifigla^n of\ 

sample at all stages in testing. 

" c Vigorously shake samples (and 
sample, dilutions) before planting 
in'cixlture media. 

2 Sample measurenient into primary 
culture nie&ium 

ft 

a Sample portions must beoneasured 

* accurately into the culture mediimx 
for reliable quantitative tests to be > 
made. Standard Methods prescribe*- 
that caJibration errors should no^ 

, ' ' exceed + 2- 5%. 
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BACTERIOLOGY BENCH SHEET 

' Sample Station ^^p/lia j2iiMMj^ 
Collection Data ^ ^ ^ 

Date ^yu i^.f T ime g.'Sfi ^LQ^ 
Other Observations 




Multiple Dilution Tube Tests 

Analytical Record 
Bench Number of Sample ^ 




Coliform MPN/100 ml 
Confirmed^ 
Completed: 
Fecal CoUform MPN: 



Fecal Streptoc occus MPN/ 100inl_ 
A-D - EVA: 




Figure U SAMPLE BENCH SHEET 
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Suggested. sample measuring prictlces 
are as follows: Mohr measuring 
- pipets aire recommended, , 10 
samples are delivered'at the top 
the pulture tube, using 10 ml pipers. 
1.0 iatil samples are delivered 6ov 
into the culture tube, near the sur J 
face of the medium, and "touched 
off" at the :^idle of the tube when the^ 
desired arnount of sample has been 
deli^red. 1. 0 ml or 2. 0 ml pipets 1 
are used for measurement pf this 
volume. 0. It ml samples are 
delivered in the same manner as 1. 
ml samples, using 'great care that 
the sample actually gets into the 
culture medium. Only 1. 0 ml pipets 

are usea lor this sample volume. 
After deliv^y of all sample incre- 
ments into the culture.tubes, the 
entire rajck of culture tubes may.be 
shaken gently to carry down any of 
Jthe sample adhering to the wall of 
the tube above the no^Riium. 

♦Workers should demonstrate by actual 
tests that the |>ipets and the tedhnique 
in use actually delivers the rated volumes 
within the prescribed limits of error. _ 

b Volumes as small as 0. 1 ml routinely 
can be delivered directly from the 
sample with suitable pipets. Lesser 
• sample volumes first should be diluted, 
.with subsequent delivery, of Suitable 
volumes of diluted sample into the 
culture medium. A diagrammatic 
sqhepe for making, dilutions is ^hown 
in Figure 2. 



Reading of culture tubes for gas 
production • ^ 1 

a On removal from the incubator, 
shake culture rack gently, to 
encourage release^of gas which 
may be supersatwated ih the'cuJture 
mediiuxu 



\ b Gas in any quantity is a positive test. 
• It i^s necessary to work in conditions 
of suitable lifting for easy recogr 
nition of the extremely small amounts 
of gas inside the .tops of some 
fermentation vial's. ' 

4 Re^i&ng of diquid culture tubes for 
growth as indication of a positive test 
requires good lighting. Growth is 
shown by any amount of increased^ 
turbidity Cr opalescence in the culture 

^ medium, with or without deposit of 
sediment at the bottom of the tube. 

• .'^-^^ 

5 Transfer of cultures with inoculation 
loops and needles 

a Always stej^ilize inoculation loops 
and needles .to glowing (white hot) 
in flame immediately before transfer 
of culture; do not lay it down or 
touch it to any non sterile object*" 
before msddng the .transfer • 

b' After sterilization, allow\gufficient 
tiinfe for cobling,^ in the air, to avoid 
heat-killihg bacterial cells which wiU^ 
He gathered on the wire. 

c Loops shoi:tLd be at least 3mm in inside 
, diameter, with a capal?ility of holding 
a drop* of water or Culture. 

Pbr*routine standard transfers 
requiring transfer of 3 loopsful of ' 
culture, (Fecal Steptococci) many 
workers form three- '5-nim loops on the 
sanie length of wire. 



As an alternative to use of standard 
''inoculatioja loops, the use of 
"applicator slicks" le .described in the 
14)01 Edition of Standard "Me^hods^ , . 
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Figure 2. PREPARATION OP DILUTIONS - 
JDilution 'Ratios: ' , ]*}Qp ' 

1ml 



1": 10 000 



Deliver volume 





1ml 0.1ml 1ml Q. 1ml 





1ml 0.,lml 



Tubes 



Petri Disl^es or ^ulture Tubes 



Actual volume 
sample in tube 



1ml 



0.1 ml 0.01 ml O.QOlml 



0. 0001 ml ^ 0. 00001 ml 



The appHcator sticks are dry heat 
sterilieed (autoclave sterilization is 
not acceptable Ijecause of possible^ 
.release of 'phenols if the woo^d is . • 
stewed) an'd are used on a single- 
service basis. Thus, for. every 

* positive culture tube transferred, a . 
new applicator stick is utfed. 

Thia^usb of applicator^ sticks im 

* particularly attractive in field 
situations where it is Inconvenient or 
Imppssible to provide a gas burner 
s\iitab.lQ* for ^erilization of the 
inoculation loop« In addition, use of - 
applicator sticks is favored' in ^ 
laboratories where room temperatures 
are. significantly elevated by use of 
gas burners. . ^ 



7 Streaking cultures on agar' surfaces 

a All 'streak- inoculations should be ' 
ncfade withotxt breaking the surface 
• of the a|^r. Learn to use a light 
* tbiich witii the needle; however, 
many inoculation needles-are so 
"Sharp that they are'* virtually useless 
in th^p respect. When the needle is 
^ platinum of platinum- iridium wire, 

it sometimes is beneficial to fuse • 
^ the working tip into a small sphere. 
This can be donerby momentary 
insertion ojf a wellr insulated <ag^ir\pt ' 
electricity)'wire fiitp a3»rbon a'rcf, 
or Some oth*er extremely hot environ- 
1 *ment. The sphere should not be more 
than twice the diameter of the wire 
from which it is formed, othelrwise * 
it will be entirely "too -heat- retentive 
to be useful. 
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When the needle is nicf^rome 
■ resistance wire, it cannot be heat- 
fused; the writer prefers to bend 
the terininal 1/16 - 1/ 8" of the wire 
at a s^ht angle to the overall axis 
^ of the needle. The side of th,e 
ternxinal bent portion of the needle 
then used for inocu^tion of agai 
•surfaces. 

b When streaking for^colony isolation, 
avoid using too much inoculum. The 
streaking pattern is somewha^t ' * 
variable according'to indivichjal 
prefe^rence. The procedure^favored * 
by' the writer is shown in the 
accompanying figure. Note 
particfularly that when going from 
any one stage of the streaking to the 
next, the iROCdlation needle is heat- 
sterilized. ^ 

PreparatiOTi of cultures for Gram 
stain " I 

a The Gram stain always should be 
made from a culture grown on a^^ * 
nutrient agar siu^ace- (nutrient agar 
slants are used here) or from nutrient 
broth. 



The cultiure should be young, and 
'should be actively '^^owing. Many 
workers doubt the 'Hy of the 
Gram stain rtiade on a cuwure more 
than 24 hours old. 



Prepare a thin smear for the stairiing 
procedure. Most beginning workers 
tend to use fdtf much bacterial sus- 
pension in preparing the dried smear 
for staining, Thejimount of bacteria 
should be so small that the ^ > '^1^: 
is barely visible to thetiaked eye. 



V ' EQUIPMENT AND SUPPLIES ^ . 

Consolidated lists gf equipment, supplies, 
and culture media required for all multiple 
cxlutiotl tube tests described In this outline 
are shQwn in Table 2.. Quantitative infor-- 
mation is not presented; this^is variable 
according to the extent of the testing pro- 
cedure, the number of diluti<As used, and 
the number of replicate txibes per dilution. 
It is noted that requirements for alternate 
procedures are fully listed and choices^ire 
made in accordance to laboratory preference. 
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a Flame-sterilize an incjfculation needle and air-cool, 

b Dip the tip of the inoculation needl^into the baC7 * 
terial culture being studied. 

c StreaK the inoculation needle tip lightly back and 
forth over half the agar surface, as in (4), avoid- 
ing scratching or breaking the ag&r surface. 

d Flame-«terilize the inoculation needle and air-cool. 

a'^Turn the Petri dish one-quarter-turn and streak* the 
inoculation needle tip lightly back and forth over one- 
half the agar surface', working from area (1) into one- 

c half tKe unstreaked area of the agar^ 

b Flame-sterilize the inoculation needle and air-cooL 



Turn*<ie Petri dish one-quarter-turn and streak the 
inoculation needle tip lightly back and forth over one- 
half the agar surface, working from area (2) into 
area(3)> the remaining unstreaked area. 

Flame -sterilize the inoculation needle and. set it aside. 

Close the culture container and incubate, as prescribed. 



Figure 3. A SUGGESTED PROCEDURE FOH COLONY ISOLATION BY A 
STREAK-PLATE TECHNIQUE 




AREA l.(HeaYflnocuiuni) 



AREA 3** (isolated colonies) 




AREA 2 

(Moderate growth) 

.APPEARANCE OF STREAK • PLATE 
AFTER INCUBATION INTERVAL 



TABLE 2. APPARATUS AND SUPPUES FOR STANDARD 
•FERMENTATION TtJBE TESTS 



D«tcription of Item 



Lauryl tryptotc broth or Lactase 
broth. 20 ml vmounta of 1. 5 X 
concentration medium* in 25 X 150 mm 
culttfre tubes with inverted fermen- 
tstion vUls. suitabls caps. 

Lauryl tryptose broth or Lactose 
broth. 10 ml s mounts of single 
atrength medium in 20 X. 150 mni 
culture tubes with invert^difermen- 
tation yUls. suitable caps. 

Brilliant green Uctos^bUfe brot|>. 3% 
in 10 ml amounU» single strength, 
in 20 X ISO mm culture tubes ^t*- 
Inverted JermenUtion vlaU. , 
atiUable caps. 



Eosin methylene blue sgar, poured 
in 100 X 1 5 mm Petri dishes 

Endo A0sr» poured in 100 X 15 mm 
diabea • 
Nutrient agar.vlant* screw cap tube 

EC Broth, JO ml amounts of single 
strength medium in fermentation 
tub4.s. 



Culture tube racks, 10X5 openings; 
each opening to accept 25 mm dls- 
meter tubes. 

Pipettes^ 10 ml,.Mohr type, sterile, 
in suitable cans. 

Pipettes, 2 ml (optional), MorK type, 
sterile. In suitable cana 

Pipettes, 1 ml, Mohr type, sterile 
in metal suiiabla cana , x 

Stan(^rd buffered dilution water, ^ 
sterile, 99-ml amounts in screw- 
capped bottles. 



/ 



Gaa burner, Bunaen type 

Inoculation loop, loop 3 mm dia- 
meter, of nichrome or platinum- 
iridium wire. 26 B & S gauge, in 
suitable holder, (or sterile applicator * 
aUck) 

Inoculation needle, nichrome, or 
' platinum -iridium wire, 26 B 4 S' 
gauge, in sultablt^holder. 

"incubator, adjusted, to 35 ^ 0. 5o C 

Waterbath incubator, adjusted to 
44.5+ 0.2°C. 

Glass microscopic slides. 

Slide racks (optional) 

*Gram*stain solutions, complete set 

Compound rolcrosct^, oil immer- 
aloo lens. Abbe' coqdense^ 

* Baaket for discarded cultures, 

} Con&^[|ir for discarded pipettea 



ToUl Conform Group 



Presumptive | Confirmed 
TesT ' : Test 



X 
X 
X 
X 



Complstsd 
Test 



X 



X 
X 
X 



Fecal Conforms 



(EC broth) 



9 



X , 
X 



1 X 



10 



9 Or 



Part 2 ^ . 

DETAILED TES5BJG-PROCEDURES FOR MEMBERS OF THE 
COLIFORM- GROUP BY MULTIPLE DILUTION TU5E METHODS 



I SCOPE 

A* Tests Described , 4 

1 * Presiunptive Test ' ' 

2 Confirmed Test 

3 Completed Test 

4 F^cal Coliform Test 

B Form of Presentation 

The Presumptive, Confirmed, and 
^ Completed Tests are presented as total, 
independent procedures.. It is recognized v. 

" that thii^ form of presentation is somewhat x 
repetitious, ihasmunh as the Presumptive 

~ Test xs preliminarjrjto the Confirmed 

Test, and both the Presximptive Test and ' 
the Confirmed ^est are preliminary to the 
Completed Test for total coUforms. ' 

In using these procedures, ^he worker 
TOust know at the outset what is to-be the 
stage at which the test is to be ended, and 
the details of the procedures throughout, 

^- in order to prevent the possibility of 
discarding jytsrpo'sitive -tubes before 
proper transfer procedures have been 

• followed. . 

Thus, if the workr? knows .that the test wl)l 
be ended at the Confirmed Test, he will 
turn at once to Section m, TESTING TO 
THE CONFIRMED TEST STAGE, and wiU 
ignore Sections n and IV. 

The Fecal Coliform Test is described 
separately, in Section V, as jan 
adjtmct to the Confirmed Test and to the 
Completed Test, » 



n TESTING TO, PRESUMPTIVE TEST 
, STAGE 

A Pirst-Day Procedures 

* 1 Prepare a laboratory data sheet for 
the sample. Record the following 
information: assigned laboratory 
number, souf^ie of sample, date and * 
tim e ot m^atftfection, temperature of the 
Source, name of sample; collector, t 
date and time of receipt of sample in 
the laboratory. Also show the date 

• and time of starting tests in the 
laboratory, nanie(s) of worker(s) per- 
forming the laboratory tests, and the 

, • sample volumes planted. ^ 

\ Label the tubes, of lauryl tryptose broth 
, required for the initial planting of the 
; sample (Table 3). The label shpuld^ 
» bear three identifying marks. The / 

• upper niunber is the identification Of-^ 
the worker(s) performing the test/^ 
(applicable to pe'rsonnel in training 
courses), the number immediately 

"below is the^assigned Ifiboratory num- 
, ber, corrjesponding with the laboratory 
record sheet. The lower number is the 
code to designate ^the sample volume 
- and which tube of a replicate series is 
^ indicated. 



NOTE: Be sure \o use tubes containing 
the correct concentrations of culture medium 
for the inoculum/ tube volumes. (Seethe. • 
chapter on media and solutions for multiple 
'dilution tube methods or ref^r to the current 
edition of Standard Methods for Water "and 
Wastewater). 
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Tablft 3. SUGGESTED' LABEUNCi SCHEME FOR ORIGINAL CULTURES AND 
SUBCULTURES IN MULTIPLE DILUTION TUBE TESTS 





Tube 
1 


Tube 


Tube 
3 


Tube 
4 . 


Tube 
5 


Sample volume 
represented 


Bench number 
Voluine h tube 


312 
A 


312 
B 


312 
C 


312 
D 


312 
E 


Tubes with 10 ml 
of ^mple 


Bench number 
Volume k tube 


312 
a 


312 
. b 


312 
c 


312 
d - 


312 
e 


Tubes with 1 ml 
of sample 


Bench number 
Volume k tube 


312^ 
a 


312^ 

Jb- 


312 

£ 


312 
* d 


312 
e 


Tubes with 0. 1 ml 
of sample 


Bench number ^ 
^ Volume & tube 


312 
la 


-312 
lb 


312 
Ic 


312 
Id 


312 
le 


Tubes with 0.01 ml 
of sample 


Bench number 
Volume & tube 


312 
* 2a 


312 
2b 


312 
2c 


312 
2d 


312 
2e 


Tubes with 0.001 ml 
of sample 



Typica 1 ^Example 



RB 
312- 
A . 



0 



Ub. Worker 

<ridentificition 

» 

*Bench Ntmiber 
"Sample Volume 



The labeling of^ cultures can be reduced^by .labeling only the first tube of , 
each series ot identical sample volumes in the initial planting of thesapiple. 
i^ll subcultures from initial plantings should be labeled completely. 



Tube of Culture Medium 
I 



3 PlacQ the labeled cultiu:e tubes in an 
orderly arrangement in a cultxire tube 
rack, with the txibes intended for*the 
largest sample volumes in the front 
row, and'tnose intended for smaller 
volumes in the succeeding rows. 

4 Shake the ^mple vigorously, approxi- 
mately 25 times, in an arc of one foot 
within seven seconds and withdraw the 

* sample portion at once. 

5 Measure the predetermined sample 
volumes into the labeled tubes of lauryl 
tryptos6. broth, using care to avoid • 
introduction of any bacteria into the 
cialture medium except those in the , 
sample. - J 

a Use a 10 ml pipet for 10 xnl sample 
portions^ and X xnl pipets for portions 
of 1 ml or less. Handle sterile pipets 
* only niar the mouthpiece, and protect 

the delivery end from external con- 
, • tamination. Do not remove the cotton 
plug in the mouthpiece as this is 
intended -to projtect the user from' 
^ ingesting any sample. 



When using the pipet to withdraw sample 
portions, do no^Up pip^t more than 
U 25 cm <^ inch) into the* aample; other«* 
wise sam^e running down the ou^ide 
of the pipet will make measurements 
inaccurate^ 

6 After measuring all portions of the 
sample into their respective tubes of 
medium, gently shake the ri^k-of^ 

^ " incteulated tubes to insure good mixing • 
of sample with the culture medium. 
Avoid vigorous shaking, as air bubbles 
may be shaken into the fermentation 
vials and thereby invalidate the test. 

7 Place the ^ack of inoculated tubes in the 
incubator at 350 + 0:5OC for 24 + ' 

2 hours 

B 24-hour Procedures ^ 

f 

1 Ifemove the rack of lauryl tryptose • 
broth cultures from the incfubator, and 
shalfe gentV* W^^ is'about to appear 
^ in the fermentation vials, the shaking 
will speed the process. 
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2 Examine each tube carefully. Record, 
in the column "24" under LST on the 
laboratory .data fiheet, each tube showing 
gas In the fermentation Vial as\a positive 
(+) test and each tube not showlW gas 
as a negative (-) test. GAS IN ANY 2 
QUANTITY IS A POSITIVE TESTf 

3 Discard sell gas-posltlve tubes of lauryl 
* tryptose broth, and return all the gas- ' 

negative tubes to the 35°C IncubatopJor 
an additional 24 t 2 h|)urfi 

C 48-hour Proq<Bdures 

1 Remove the rack of cultuj;e tu ^es'from 
the Incubator, read and record gas 

^ production for each tube. 

2 * Be sure to record- all results under the 

'48-hour LTB colunux.On the data sheet. 
Discard all tubes. The Presumptive 
Test Is concluded at tlj^s point, "and" 
Presumptive ^conforms per 100 ml can 
» be computed according to the methods 
described elsewhere In this manual* 

' / ^ ^ 

m TESTING TO CONFIRMED TEST STAGE 



Note that the description starts with the 
sample inoculation and' Includes the 
Presumptive Test stage. The Confirmed 
Test preferred In^.Laboratorles of this agency 
is accomplished by means of the brAUiaht 
green lactose bile broth (BGLB) and the ' ' ^ 
acceptable alternate tests are mentioned In t, 
m F. . In' addition, tiieTecal Cpliform Test Is 
included as an ^optional a*djunct-^o the procedure, 

A First- Day Procedures • ^ 

1 Prepare a laboratory data sheet for the 
sample. Record the following Infor- 
mation: assigned laboratory number, 
source .of samplet, *date and time of / 
collection, temperature of the source, 
name of sample, collfectbr, , date and 
. time of receipt of sample iri the ^ 
lai(oratory. /.Also show the dat^ and 



tiaxe of starting tests In the laboratory 
'nam^) of worker(s) performing the 
laboratory tests, and the sample 
volumes planted. 

^ I^el the tubes of laui^rl tryptose broth 
" requir*ed4{or the Initial planting of the 
sample. The label should-bear three 
Identifying marRs, The upper number 
is the identification of the worker(s) 
^ performing the test (applicable to 
personnel in training courses), the ^ 
number immediately below is the 
assigned laboratory number, corres- 
ponding with the laboratory record 
sheet. The lower number is the code 
to designate the sample volume and 
which tube of a replicate series is indicated. 

NOTE ml satmples are being ^ 
planted, it is necessary to use tubes 
, coijtaining the corre6t cdncentration 
of culture medium^ This has >previ6usly 
been noted in n A- 2. ' "» . 



Place the labeled culture tubes in an 
orderly arrangement in a culture tube, 
rack, with the tubes Intended for the* 
largest sample volurhes in the front 
row, and those Intended for smaller, 
volumes In the succeeding rows. 

Shake the sample vigorously, approxi- 
mately 25 times, In^ up-and-down 

motion. 

> ' •* ' 

Measure "the predetermined sample 
volumes into the labeled tubes of lauryl 
trypt&se broth, using care to avoid 
introduction of any bacteria into the 
culture medium except those in the sample. 



Use a 10- ml pipet for 10 ml sample. • 
portions, and 1-ml pipets for portions 
of 1 ml or less. Handle sterile pipets 
only near the mouthpiece, and protect 
the delivery end from external con- 
tamination. Dp not remove the cotton 
plug in the mouthpiece as this is intenderd' 
to protect the user from ingesting any 
sample. * 
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b Wh«a using th« pipet to withdraw sample 
portions f do not dip the pipet more than 
L 25 cm <i inch) into the sample: o^er- 
wise sample running down the outside 
^ the pipet will makd measurements 
inaccurate. 

9 

X c When delivering the sample into the 
culture medium, . deliver sample 
portions of 1 ml or less down into 
the culture tube near the surface of 

*1 the medium. Do not deliver small 

sample volumes at the top of the tube 
and allow them to run downjnside- - — 
the tube;, too^uch-orthe sample 

^ — "^wHTfaii to reach the culture medium. 

d Prepare preliminary dilutions of 

samples for portions of 0. 01 ml or » 
« less before delivery into the culture 
medium. See Table 1 fc^i^jpreparatioD 
of dilutions. NOTE: Always deliver 
diluted sample portions into the 
culture mediimi as soon as possible 
after preparation. The interval 
]/ . between preparation of dilutipn and ^ 
introduction of sample into the 
medium never should be as much 
as 30 minutes. 

. 6 After measuring all portions of the . 
ssunple into their respective txibes of 
medium, gently shake the rack of 
inocula^d tubes to insure good mixing 
of sample with the culture medium. 
Avoid vigorous shaking, as air bubbles 
may be shaken into the fermentation 
vials and thereby invalidate the test. 

^7 Place the rack of inociMted tubes in' 
the incubator at 350 + 0. 50 C for 24 + 
2 hours. 

B#24-hour Procedures 

1 iCemove.the rack of lauryl tryptbse 
broth cultures from the incubator, and 
jrimke gently. If gas is about to appear 
to the fermentatibn vials, the shakLig 
will speed the process. ^ 



Examine each txibe carefully. Record, 
in the colimm "24" under LST on the ^ ' 
laboratory data sheet, each tube showing 
gas in the fermentation vial as a 
positive (+) test 'and each tube not 
showing gas as a negative (*•) test. 
GAS IN ANY QUANTITY IS A POSITIVE 
TEST. ^ 

Retain all gas-positive tubes of lauryl 
tryptose broth culture in their place 
in the rack, and procee<i. — — 

Select the gas-positive tubes of latiryl » 
tryptose broth cxilture for Confirmed 
Test procedures. Confirmed Test 
procedures may not be required for all 
gas-positive cultures. If, after 24-hours 
of incubation, all five replicate cultures 
are gas-positive for two or more con- 
secutive sample volumes, then select 
the set of five cultures representing 
the smallest volume of sample in which 
all tubes were gas-positive. Apply 
Confirmed Test procedtires to all these 
cultures and to any other gas-positive, 
cultures representing snaaller volumes 
of. sample, in which some tubes were 
gas-positive and some were gas -negative. 

Label one tube of brilliant green lactose ; 
bile broth^XBGLB) to correspkDnd with ^ 
eaph tube c5 lauryl tryptose4)roth^ ^ 
selected for Confirmed Test procedures. 

Gently shake the rack of Presumptive 
Test cultures. With^ flfeme-sterilized 
inoculation loop transfer one loopful of ,^ 
culture from each gas-ppsiti'^e tiobe to 
the corresponding tube of BGLB.y Place'' 
each newly inoculated ciilture in^gGLB 
in the position of the original gas-positive 
tube. 

# 

After making the transfers, the rack. . 
should contain some 24-hour gas- 
negative tubes of lauiyl tryptos^roth- 
and the newty inoculated BGJJb!^ 

If the Fecal Coliform Test is Included 
in the testing procedures, consiift 
Section V of this part of the outline of 
testing procedures. 
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9 Incubate the 24-hour gas-negative 
. BGLB tub^g^anS any newly-inoculated 
tubes oVBOlSB an additional 24 ^ 2 
hours it 35° + 0. 5°C. 

C 48-hour Procedures 



J hours old and some may be 48 hours 
old.; Remove ^Soj^ culture^^f^om the 
lncii>ator, examine each tube for gas 
productio;!, and record results on the 
■^data sheet. 



Remove the rack of culture„tube6"from 
the-lncubator7"Tead and record, gas 
production for each tube. 

° \ — ^ * 
Some tubes will be lauryl tryptoae broth 

and some will be brilliant green, lactose 

bile broth (BGLB).' Be sure to record 

results from LTB mfler the 48-hour 

LTB column and the BGLB results under 

\he 2 4- hour cohunn of the^data sheet. 

Label tubes of BGLB to-correspond with 
all (if any) 4arhour gas-positive cultures 
in lauryl try^ose broth. Transfer one 
loopful of culture from each gas-posltiv€ 
LTB culture to the correspondingly- 
labeled tube of BGLB. NOTE: All 
tubes of LTB culture which were 
negative at 24 hoxirs and became 
positive at 48 hot5fs~are to be transferred 
The optioii described above for 24-hour 
cultures does not apply at 48'hours. 

If the Fecal GloliforS^'i'est is in^uded 
in the testing procedure, consult 
Section V of the part of the outline 
of testing procedures. 

Incubate the 24-hour gas-negative 
BGLB tubes and any newly- inoculated 
tubes of BGLB 24 + 2 hours at SSo" + 
0.5OC.. 



hour 



6 Discard all tubes of IjTB and 
* gas-positive BGLB cultures 

D 72-hour Procedures 



If any icultures remain to be examined; 
all.will be BGLB. Some may be 24 



2 Be sure to record the results of 24-hour 
BGLB cultures in the "24" column under 
BGLB and the 48-hour results imder the 
"48" column of the dita sbeet. 

3 'Return ariy 24-hour gas-negative cultured 
for inciibation 24 + 2 hours at 35 + 
0.5OC. ^ ' ' ' 

. 4 Discard all gas-posifive BGLB.cultures 
and all 48-hour gas-negative cultures 
from BGLB. ' 

5 It is possible that aU cultural work.^d 
. results for the Confirmed Test have, 
been finished at this point, * If so, codify 
results and determine Confirmed Test 
. coliforno^ per 100 ml as described p 
the outline on .use of MPN Tables. 

E 96-hour Procedures 

At most only a few 48-'hour cultiores in 
BGLB may be present. Read and record 
gas production of such cultures in the "48" 
column under BGLB on the data sheet. 
Codify result^ a,nd determine Confirmed 
Test coliforms per 100 ml. 

IV Streak-plate methods for the Confirmed 
Test, using eosih methylene blue agar or 
Endo agar plates, are accepted procedures 
in Standard, Methods. Thejrorker who 
prefers to j&e one of these 'media in 
preference to BGLB (also approved in 
Standard Methods) is advfsed to refer to 
the/currept edition of "Standard Methods- 
fdr the Examinitton of Water and Waste- 
water" for procedures. 
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IV TESTING TO COMPLETED TEST STAGE 

(Note that this description starts with the ''^ ^ 
sample inoculation and proceeds tjirough the 
Presumptive and the Confirmed Test stages. ^ 
In^ddltioni the Fecal Coliform Test is 
, referred to as an optioi^l adjunct to the 
procedure^) 

A First-Day Procedures 

1 Prepare a laboratory ^data sheet for the 
sample'. , Record the following information: 
assigned laboratory number, source of 
sample, date and time of collection, 
temperature of 'the sotirce, name of • 
sample collector, date and time of 
receipt of samjjle in the laboratory. 

Also sjiow the date and tirae of starting 
tests. iix the laboratory, name(s) of 
wofkeHs) performing the laboratory 
tests, and the sample volumes plated. 

2 Label the tubes of laiiryl tryptose broth 
^ * required for the initial planting of the 

sample. The label should bear three 
identifying marks. The upper number 
is the identif Station of the worker(s) 

performing the test (appUcable to 
personnel in training, courses), 
^e number immediately below is the 
assigned laboratory number, corres- 
ponding with the laboratory record - 
sheet. The* lower number is the code ^ 
to designate the*san^le volume and 
which tube of .a replicate series is 
indicated*.- Guidance on labeling for 
^ laboratory data number and identification 
1 . of ifidividuartubes is.described else- 
where in this outline . 



NOTE: If lO-nU samples are being 
plated, it.is necessary to use tubes 
containing the correct concentration . 
of oj^ture medium. ' This has previously 
been npted elsewhere in this outlined 
and referral is made toCtablek. 



3 -Place the labeled culture tubes .in an' 

orderly arrangement in a cjilture tube 
rack, with the tubes intended for the 
largest sample volumes in the front 
row, "and those intended for smaller 
volumes in the succeeding cowt3. 

4 Shake the sample vigorously, appro3ti- 
mately 25 times, in an up-and-down 
motion. 

5 Measure th^ predetermined ^ample * 
vblumds into the labeled tubes of lauryl 
tiyptose broth, using care to avoid 
introduction of any bacteria into the 
cultm*e medium except those in th^ 
sample. 

* a* 

a Use a lO-ml pipet for^'lO ml sample 
portions, and 1-ml pipets for portions 
'of 1 ml or less. Handle sterile 
pipets, only near the mouthpiece, 
and protect the delivery end from 
external contariiinatlpri. . Qo iK)t move 
the cotton plug in the mouthpiece 
zs this is intended to protect the 
' user from i^^^sting any sample. 



b When using th^ pip^t to w4(hdraw'ia2nple 
" portioiui, do not dip tfa« pipet more than 
h 25 cm (i inch) into the samfde: other* 
wise sample running dpwn the outside 
of the p^t will make measurements 
inaccurate. ^ 



c When delivering the sample into the 
culture medium, deliver sample 
portions of 1 ml or less down into 



the ctOture tube near the'sxirface of 
the medium. IXLnot_deliver, Bmall 



sampl^volumes at the top of the 
tube and allow thexn ta^^m down 
inside the tube; too rrpch of the ^ 
sample will fail to reach the culturift^ 
medixmi. ' W 

-d Prepare preliminary dilutions of 
samples for portions of 0. 01 ml or ^ 
less before delivery into the culture 
medixmx. SeeT.able 2 for preparatipn 
.of dilutions. NOTE: - Always deliver 
^ diluted sample portions into the; 

, culture medium as soon as possible • 
after preparation. The interval ^ 
between preparation of dilution and 
intrbduction of sample into the 
* medium never should be as much as 
30 minutes, " ^ ^ * 

' ./ - 

6 After measuring all portions of , the 
sample into their respective tubes of 
medium, gently sfiake^^ rack of * g 
inoculated tubes to ins^e good mixing , 
*of sample ^th the 6\iitxii;;^ nie4ium. ' . - 
Avoid vigorous shaking, as air bubbles 
may be shaken into the fermentation 
vials and thereby invalidate theJjest.- 

7 « Place the rack of inoculated .tubes in 
the incubator at + 0. 5© C for 24 + ' 
2 hows.- ; 4 

B 24-hour Procedures * ' 

» - * 

* 1 Remove th^ rack of lauryj tryptose broth 

- cultures from the incubator, and shake 

gently. If gas is about to appear in the 

fermentation vialQ, ihe shaking will 

speed tile process. - ^ " 

2 X Examine ^agh tube carefully. Record, 
inthe^cblumn "24" under LSt on the 
laboratory data sheet, each tube showing 
gas ih the fermentation vial as a positive 
(+) test and each tube not showing gas . 
as a' negative (-) test. GAS tN ANY 
QUANTITY IS A POSITIVE: TEST. ' 

' 3 Retain all gas-positive tubes of lauryl 
tryptose b^oth'culture in their pla6e in 
the rack, and proceed. 



4 Select the gas-positive tubes, of lauryl ^ 
> — tryptose broth~culture for thfe Cchtfirmed 
*^ Test procedures. Confirmed Test 

• ^ procedures juay not be required for 
all gas-posljive cultures. If, "after 
24- hours of ^incubation, all five 
replicate cultures are gas- positive f 05' 
two or more consecutive* sample 
yvolxmies, ^hen select the set of five, 
cultures representing the smallest ^ 
volume of sample in which all tubes ' 
wiere gas -positive. Apply Confirmed 
Test4)rocedures^ all these cultures 
^ and to any other gas-posijive cultures 
representing smaller yoliunes of 
sample, in which some tubes were 
gas-positive and som$ were gas- 
negative,. 

• 

5 Label one tube of brilliant green lactose 
bile broth (BGLB) to correspond with^ * 
each tube of lauryl tryptose broth 
selected fOR^Confirmed Test procedures. 

6, Gently shake the rack of Presumptive 
"'^est cult"8[i:gs. With a flame- sterilized 
in6culatio4i io^ transfer 'one loopful of 

• 'culture ^rom eacli gas-positive tube to* 

; the *c6rresj^bi^ling tube of BGLB. l^lace 
,e,^^ jaewly inc^ulated culture iiito 
, , -BGLB in J^he p^iti^a of the' original . 

* gas-posftive tiie. • T 

»■><>. ^ 

7 If thiB Fecal <:olifdrm Test is included 
^ the testing proj^edure, consult . 
Section V of this o\itline for details of 
the'testing. ^coc^ure . . 

8 Aft^r making th^ transfer, the rack 
shoiUd contain some 24- hour gas" 

' negative tubes of lauryl tryptose borth ' 
and- the newly inoculated BQLB. 
Incubate the rack of cultures at 35o'C 
+ 0, 50 C for ^4 ^ 2 ho\irs. 



C 48-hoiu' Procedures. 

I • ■ ^ 

1 Remo.ve theo^ack 6f culture tubes from 
the inciabator, read and recor(| gas ^ 

V. production for each tube, ^ 

2 ".Some •hibes'will be la^uryl tryptos6 broth 

and some will be brilllan;t green lactose 
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bile broth (BGLB). .Be sure to record 
results from LTB under the 48- hour 
LTB column and the BGLB results, 
under the 24-hour*^lumji of th,e data 
sheet* ^ " / 



litures 



3 Label tubes of BGLB to correspbi^d with 
all (if any) 48-hour gas-positive c\ 
in lauryl tryptose broth. Transfer- 
loopful of Qulture from each gas-^:rosuive 
LTB culture to the correspondingly- 
labeled tube ofaGLB.- NOTE: ^All tubes 
of LTB culture' which were negative at 
24 hours and became positive at 48 hours 
are tob^e transferred. The Option 
described above for 24-hoju;^TB 
cultures does not apply at 4uh^^s. 




4 Incubate the' 2 4- hour gas- negativg BGLB 
tubes and any newly^inoculated ti&es of 
BGLB ?4 + 2.hours at 350 + -0, 50 C. 
Retain all 24-hotir g^ts-positive cultures - 
in BGLB for; further test procedures. 

5 Label a Petri dish preparation of eosin 
methylene blue agar (EMB agar) to 
correspond with each gas-positive 
culture in BGLB'. - 

Prepare a streak plate for colony ' 
isol^^ion from eac^ gas-positive culture 
in BGLB on the correspondingly-labe^d 
EMB agar plate. 

' i • ^ 

• . Incubated the EMB^^a^r plates 24 + 2 
hours at 350 + 0. 50c. 

D 72-h6ur Pj/ocedures 

1 Remove th^ cultures from the incubator. 
Some may be oh BGLB; several EMB 
agar plates ^o can be expected. 

2 Examine and record gas production 
results for any cultures in^BGLB. 

•3 Retain any gas-positive BGLB cultures 
and prepfire streak plate inoculations 
for '^colony isolation in EMB agar.(^ 
Incubate the EMB agar plates 24 + . 
2 hoiirs at 35 + O.^o c. Discard the 
gas-positive BGLB cultures after ^ 
transfer. ... ^ ♦ ♦ 



" 4 . Reincubate any gas-negative BGLB 
1 -cultures 24 + 2 hours at 35© + 0. 50 C. 

• 5 Discarjd all 48-hour gas-negative BGLB 

cultures. . ' ^ 

6 Examine the EMB a'gar plates for the 
type of colonies developed thereon. 
Well- isolated coloi&es having a dark 
center (when viewed from the lower 
side, held toward a light) are termed 
"nucleated or fisheye" colonies, ajid 

* are regar>led as "typical" coliform 
colonies. A surface shfeen may or may 
not be present on "typical" colonies. 
Colonies which are pink or opaque but 
are ndt nucleated are regarded as 
"atypical colonies^" Other colony 
types are considered "nonconform. " 

' Read and record results as + for 
* "typical" (nucleated) colonies + for 
"atypical" (non-nucleated pink^or 
opaque colonies), ' and - for other types 
. of colonies which might '•develop. 

7 With plates Searing "typical" colonies, 
select at least bnie well- isolated colony 
and transfer it to a correspondingly- 

* labeled tube of lactose broth and to an 
agar slant. As a second choice, s^elect 
: at least two "atypical" colonies (.if 
« typical colonies are^^not preset) and 
transfer them to labeled tubes of 
lacto3e broth and to agar slants. As a 
third choice, in the absence of typical 
. or ^t3rpical.coliform-Uke colonies, 
-select at least two well- isolated 
colonies representative of those * 
appearUig on the EMB plate,^ and trans- 
fer them to la'ctose broth and to agar 
slants. 

8 "incubate all cultures transfered from 
EMB agar plates 24+2 hotirs firt^5 + 
(h50C. ' " ^- " 

E 96-hour Procedures « . > . 

1 Subcultiir^iL from the samples being 
studied naay include; 48-hour tubes - 
-s of BGLB, EMB agar plates, lactose 
broth tubes, ai^d agar slant cultures. - 
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If any 48-horiur tiibes of BG.LB are , 
present^ read and record gas production 
in the "48" column under From 
any gas-positive EpLB cultures pre- 
pare strdak plate inoculations for colony 
isolation on EMB a^ar. . Discard all 
tubes of BGLBT^ana incubate EMB agar . 
plates 24 + 2 hours at 35 ^+ 0. 5© C. 

If any EMB plates are present, exanUne 
and record results in the "EMB" column 
of tlfe data sheet. Make transfers to 
agar sj^nts and to lactose broth from' 
*all EMB agar plate cultures. In 
decreasing order of preference, transfer 
at leaet one typical colony, or at least 
two atypical colonies, or at least two 
colonies representative of those on the 
plate . 

» ^ 
Examine and record results from the 

lactose broth cultures. " 

Prepare a firam^stained smear from 
each pi th^agar slant cultures, as 
follows:- 

NOTE: Always prepare Gram gtain 
from an activety growing culture, 
preferably about 18 hours old, and 
never more than 24 howsoOld. Failure 
to observe this precaution often results 
in irregular staining reactions. 



a 



Thoroughly clean a glas^s slide to 
free it oflbn;jr trace of oUy film. * 

Place one drop of distilled water on 
the slide. 

Use the inociihlation needle to suspend 
a tiny amountW growth from the 
nj^tr lent agar 
drop of water. 



it culture in the 



d Mix the thin su$pens^ion of c^ls with 
1Iie#tip of the inoqulation needle) and 
allow the water to evaporate. 

e "fIx" the smear by gently warming ' 
the slide over a flarfie. 



g Flush the excess dye solution 
off in gently running wafer. 



h Flood the smear with Lugql's 
iodine fat* 1 minute. * 



i Wash the slide in gently running 
water. 

j Decolorize the smear with'^^s^cetone 
alcohol solution. with gentle agitation 
for 10-30 seconds, depejidiag upon 
extent of removal of crystal violet dye. 

k Counterstain for 10 seconds with 

safranin solution, then wash in' running 
w^ater^and gently blot dpr with bibulous 
paper. 

1 Examihe the slide under the microscope, 
using the oil iinmersion lens. Coliform/ 
bacteria are Graiji-negative (pink to rea 
^ color and nonsjjore-forming^ r3d-shaped 
cells\ occurring singly, in pairs, or / 
rarely in short chains. / 

• L ' / 

m If typical coliform staining /-eaction and 

moif^phology are observed, record A in . v 

in the approprMe space u nder th6 "Gram,, 

^ Stain" column of the data- sheet. / If typical 

morphology and staining reactiiin are not 

observed, then mark it + or -/ and make * 

suitable comment in the~*^re^^arks" cblumn 

set the right-hand side of the/data sheet. 

n If spore -forming bacteria/are observed, it 
will be necessary to repu^ify the culture 
from which the observations^Htfre made. 
Consult the instructor, yx)r refer to Standard 
_ Methods, for proceduryes. ^ . 

At this point, it. is possible that all cultural 
work for the Completed/Test has been finished. 
If so, codify results and determine Completed 
Test conforms per 10(J tx{^ 



fl</o 



Stain the smear by fldoding it for 1 
minute with ammoniujn oxylate- crystal 
violet solution. 
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F 120^ hour Procedures and followlnjg: 

1 . Any procedures to be \mdertaken from 
' this» point are "straggler" cultures on 
media already describedpand requiring 
step- by- step methodology alreacfy given 
in details Such cultures maylje on: 
EMB places/ a^r slants^ or lactose 
broth. The same time-and-temperature 
of incubation required for earlier studies 
applies to the "stragglers" as do the * 
observations^ staining reactions^ and 
interpretation of residts. On coh- • 
elusion of all cultural procedures, 
codify results and determine Completed 
Test coliforms per 100 ml. 



V FECAL COLIFORM *TEST 

V * 

A General Information 

1 The procedure described is an elevated 
temperature test for fecal ooliform 
. ^ bacteria, 

2' Equipment, required for the tests fire 
those required for the I^resumptive 
Test of Standard Methods, a water-bath 
incubator, and* the appropriate culture 
^ media, ' * ^ 

B Fecal Coliform Test with EC Broth 

1 Sample : The test is applied to gas- ' 
' positive tj*€^^f rom the Standard 

- • Methodfl^restmii)tive Test (lauryL* ' 
tryptose broth), in parallel with ' 
Cohfirm^d Test procedures. 

2 24-hour Operations ♦ Initial procedures 
are the planting procedures described 
for the Standard Methods Presumptive 

^ Coliform test. ^ :::) 

a After reading and recording gas- 
^ production on lauiyl tryptose broth, 

temporarily retain aU gas-positive* 
tubes, 



nxunber. of tube's to*the Confirmed 
Test sornetimes can be applied here. 
However, the worker is urged to ' 
avoid exercise of this option ^until 
he has assured the applicability of 
the option iDy preUminary testb on 
» the sample lource, 

c Transfer one loqpful of culture from 
each gas-positive culture in Jauryl 
tryptose broth to the correspondingly 
labeled tube of EC broth. ' 

d Incubate EC; broth tubes 24 + 2 hours 
at 44, 5 X 0. 2^C in a waterbath , 
witli water uepth sufficient to conie 
up at least a^ hi^ as ^the top of the 
culturjB medium in the tubes, j Place 
*in waterbath as soon as possible 
after inoculation and always within 
30 minutes after inoculation^ 

^3 48- hour operations 

a Remove the rack of EC cultures 
from the waterbath, shake gently, 
and record gas production for each . 
tube. Gas in any quantity is a 
' positi^^. test, " r ^ 

b As soon 'as results are recorded, 

discard aH tubes. (This is a 24- ' 
, . hoiqj test for EC broth inoculations ^ 
■ and not a 48- hour test . ) ^ 

r 

c 'transfef^ any additional 48- hour 
^LS-positive tutes of lauiyl tryptCBe. 
broth to correspondingly labeled 
. tubes of EC broth. Incubate 2*4 + 
i hours at 44v6±.0.2OC, 

4 72-hQur operations 

0 

a Read and record gas production |or ' 
each tube. Discard all cultures, 

. b^ Codify results and determine fecal 
. - coliform coun^per ^00 ml of sample. 



b Label a tube of EC broth to corre- 
spond with each gas -positive tpbe ^ 
gf lauryl tryptose broth. The option 
regarding transfer of only ^ limited 
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TESTS ^OR COLIFORM GRdUf * v 



UaOSI OR iAURYl TRYPTOSi tROTH 
FUMINTAT»ON TUilS (SlRIAl OllUTION) 



OAS rosnivi --**^j>ai n[Oa>«/i 

] (14 HI 1 1 HR.) ' [ 



lAGTOSI « UURn TRVPTOII ^ - 

iROTfl^ARI INTIRCHANOIAiil^tblA ' ^ ^ . 

# ANO Atl INCUftAHP. AT 3S OlO « ^ ; « 

0» OlO ^. /i^' 



OAS rOSniViS TUIIS (ANY 'AMOUKT . 
OF OAS) CQNSTITUTI A POStTIVI \ 

OAS rosiTivi OAt NiojTiyf ipfAi iNcuftATON TIME uoon 0% ' • 




/ 



s 

V ' S 




INCUiATE Mli TUKS PGR 41 HRS. 
1 a HRS. AT as OEO. CJt 0.S' DEO. C 

^WCUiATE IMi OR INOO AOAR c? 

OAS rosnivE oas neoativi ^ ^ putu fdk u hrs. t a hrs. at 

COUPOtM OROUP COLIIORM OROUP - 3S DEO. Ci O.S OEO: C ' 
CONFIRMED , NOT CONFIRMED 



NUIItINt AOAI tlANt lACTOII MOtH tUli 

• /• \ 

OIAM-»AN0, OIAM NiOAtlVI x OAS K)Sltiyi 

•0D» ANO/M lODS NO SfOkU 

SMtifOtMEtHfS • ' 





OAS NIOAtlVi 

coiirof M olour 
~t Aismt 




tiANtrii 10 iMt ruti 
AND tmul rtocut 



couFOiM oiour Attmt 



ERIC^ . 
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Part 3 / 

LABORATORY METHODS S'OR FECAL STREPTOCOCCUS 
(Day-5y-Day Procedures). 



I GENERAL. INFORMATION 

A The same sampling and holding procedures 
apply aafor the coliform test, 

B The number, of fecal streptococci in^water 
generally is lower* than the number of 
coliform bacteria, . It is gooj^practice 
in multiple diltttion tube tests to start th^ 
dample planting series, with one sample 
^ Increment larger than for ,t&e coliform 
test. For example: If a sample planting 
seriesof J. 0, 0.1, 0. 01, and 0. 001 ml 
is planned fOr the^ coliform test, it is 
^ suggested that a series of 10, 1,0, 0^ 1, 
and OVOl ml be planted^for the faecal ' 
.streptococcus te-st. 

C Equipment r^qmired for the ^st is the sanfe 
as required for the Standard Method^ 
Presumptive and Co^nfirmed Tests, except 
for the differences in cultune media. 



n STANDARD METHODS (Tentative) 
, PROCEDURES / 

A First-Day Operations 

1 Prepare th^ sample data sheet and 
labeled tube6 of azide dextrose broth 
in the isame manner as for the > 
Presumptive Test. NOTE: If 10-fnl 
samples are included in the series, be 
sure to use a special concentration 
(ordinarily double- strength) of azide 
dextii^e broth for these sample 
portiqnsl 

• •^*'T ' ' * 

2 : Shake the samplf vigorous3y,^pproxi- 
mately 25 times, in an iq)-and-down 
motion* » . ^^^^^ 

* 3 Measure the predetermined daniple 

volumes into tlie labeled'tubes of azide 
dextrose brdth^ using the sample 
measurelnent and delivery techniques 
used for tl^e Presumptive ^est. 



4 Shake the rack of tubes of inoculated 
culture media, to 'ins\ife good mixing 
of saxhple with medium^*. 

5 t^lace the rack of inoculated tubes in 
the incubator at 350 + 0.5OC for 24 + 

hours. 

B 24*hour Operations J, 

1 Remove the rack of tiabes from the 
incubator. Read and record the x^esults 
from each tiabe* Growth is a positive 
test with this test. Evidence of growth 

I ^consists either of turbidity of the 

medium,^ a "button" of sedimentvat the 
" ^bottom of the cult|ire tixhe^ or both. 

2 liibel a tube of ethyl violet azide broth 
to correspond with each ppfii*!i^?wilture 
of azide dextrose brbth. \i mjgfc'Nffe 
permissible to use tlie same confferaiatory 
transfer pption as described for the ' 
coliform Confirmed Test, in this outline. 

3 Shake the rack of cultures gently, to . 
^ resuspend cells which have settled 

out to the bottom of the culture tubes. 

4 ' Transfer three. loopfuls or use a 

' ^ wood applicator to^ transfer culture 
from each growth-positive tube of 
azide dextrose broth to the correspond- ' 
ingly labeled tube of ethyl violet azide 
broth. 

5 As transfers are made, place the newly. • 
inoculated tubes of ethyl violet azide 
broth in a separate .rack wnile returning 
the* Ap tubes to .their former positions 

in the rack. / 

* 6 Return the rack, all' azide dextrose 
brot^ tubes. andife)«ny-inoculated tubes 
of ethyl viole^zide broth, t6 the in- 
cubator. Incubate 24 + 2 hours at 35 « 
+ O.B-C. 
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C 48-hour Operations 

1 Remove the*rack of tubes from the 
incubator. Read and report results. 
Growth, either , in azide dextrose broth 
or in -ethyl violet azide brOth, is a ^ ^ 
positive test. Be sure to report the 
results of the azide dextrose broth 
medium under the "48" column for that 
medium and the results of the ethyl 
violet azide broth cultures under, the 

^^^""24" column for that medium, 

2 Any 48-hour growth -positive cultures 
of azide dextrose broth are to be 
transferred (as before) to etfiyl 

violet azide broth. Discard all 48 -hour 
growth-negative tubiss of azide dextrose 
broth and all 24-houi> growth-positive 
tubes of ethyl violet azide broth. 



3 Re-incubate the 24nhour growth -negative 
' Ethyl Violet azide tubes after again^re- 
inoculating with their respective positive 
Azide Dextrose tubes an(J the newly- 
inoculated tubes of ethyl vydlet azide 
broth 24+2 hours at 35« + p. 5«C* 

D 72-hour Operations 

1 Read and report growth results of all 
tubes of ethyl violet azide broth. 

2 Discard all growth-positive cultures 
^and all 48 -hour growth -negative 

cultures, 

3 Reincubate ^yei24-hour growth-negative 
cultures in ethyl yiolet azide broth after 
reinoculating witK their respe^ive 
po^?^e azide dextrosei tubes for an 
additional 24+2 hburs at 35« + 0. 5«C. 

,E 9 6 -hour Operations 

1 Read and report growth results of any 
remaining tubes of ethyl violet azide 
broth. 



•Codify results aad determine fecal 
streptococci per 100 mlr' 
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DETAILED MEMBRANE FILTER METHODS 



I BASIC PROCEDURES 



A Introduction 



Successful application of. membrane filter 
'methods requires development of good 
routine operational practices. The 
det^ed basic procedures described in 
this Section are applicable tq all mem- 
brane filter m^ethods in water bacteriology 
'for filtration^ incubation^ colony coimting, 
and reporting of results* In addition, 
equipment and supplies used in membrane 
filter procedures described here are not 
repeated elsewhere in this text in such detail. 

Workers using membrane filter methods 
for the first time are urged to become 
thoroughly familiar with these basic 
procedures and precautions. 

B General Supplies and Equipment List 

Table 1 is a check list of materials. 

C "Sterilizing" Media 

Set tubes of freshly prepared medium in a 
boiling waterbath for 10 minutes. This 
method suffices for mediumintubesupto 
25X450^ mm* Frequent agitation is needed 
with media containing agar. ^' 

Alternately, coliform media can be ^ 
directly heated on a hotplate to the first 
bubble of boiling. Stir the medium 
frequently if direct heat is used, to a'^oid 
\ charring the medium. 



D General Laboratory Procedures with 
Membrane FUters 

1 Prepare data» sheet 

Minimimi data required are: sample 
identification, ,test performed including 
media and methods, sample filtration 
volimies, and the bench niunbers 
assigned to individual membrane filters, 

2 Disinfect the laboratory bench surface, 

.Use a'^ suitable disinfectant solution and 
allow the surface to dry before 
proceeding, 

3 Set out sterile culture containers in an 
orderly arrangement, 

M Label the culture containers, ^ ^ 

Numbers correspond with the, filter 
numb&rs shown on the data sheet. 

■> \ . * 

5 Place one sterile absorbent pad* in 
each culture container, imiess an agar 
mediiun is being used. 

Use sterile forceps for all manipulations 
of absorbent pads and membrane filters. 
Forceps steiility is maintained by 
storing the wbrktog tips in about 1 Ihch * 
> of methanol or ethanol. Because the 

alcohol deteriorates the«filter, dissipate 
it by burning before-using the forceps, . 
Avoid heating the forceps in the 'biirner 
as hot metal chars the filter. 



Dp not sterili25e in the autoclave. , • • 

♦When an agar medium is used, absorbent? pads are not used. The amoxmt ot medium should be 
s\ifficient to make a layer approximately 0. 3 cm {l/51nch) deep in the culture container. In the 
5(3 nun plastic culture containers this corresponds to approximately 6-8 ml of culture medium; 

.NOTEi l^ention of commercial products and manufacturers does not imply endorsement by the 
Office Of Water' Programs, Environmental f^rotection'Agency. • 
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Tablea. EQUIPMENT, SUPPIiES AND MEDIA 



Total Collforms 




Item 



Fxmnel unit assemblies 

Ring stAxid, with about a 3" split ring, to 
support the filtration funnel 

Forceps, smooth tips* type for 
MF work 

Methanol, , in small wide- mouthed bottles, 
about 20 ml for sterilizing forceps 

>^ction iUsks, glass, 1 liter, mouth to 
fit No« 8 stopper 

Rubb«r tubing f 60«d0 cm (2**3 feet), to connect 
tuctlon auk to Y»c\ram aerrlcea, Utex rubber 
*5 cm (3/15") I.D. by . 2 cm wall 
(3/1$ X 3/32^): 

Pinch clamps strong enough for tight 
compression of rubber tubing above 

Pipettes, 10 ml, graduated, Mohr type, 
sterile, dispense 10 per can per working 
space per day. (Resterilize dally it 
' meet need)« 

Pipettes, 1 ml, graduated, Mohr type, 
sterile, dispense 24 per can per working 
space per day, (RestertHze daily to 
meet need). 

Pipette boxes, sterile, for 1 ml and 
10 ml pipettes (sterilize above pipettes 
in these boxes). * 

Cylinders, . 100 ml gradmted, . sterile, * 
(resterilize daily to meet need). 

Jars, to receive 'used pipettes 

Gas burner, Bunsen or similar 
labor atoxy type 

Wax pencils, red, suitable for writing 
on glass 

Spongt in dilute Iodine, to disinfect the 
desk tops , 

Membrane filters (white, grid marked, 
sterlle,and suitable pore size for 
microbiological analysis of water) 

^Absorbent pads for nutrient, (47 mm in 
diameter), 8tex^« *in units pf 10 pads 
per package. Not^r.equired If medium 

•contains agar. * 

Petri dlsh^*,' disposable, plastic, » 
SOX 12 mm, sterile 

Waterbath ittcubator 44,5 + 0,2?^ 

Vegetable erispers, or cake boxes, 
plastic, with t^ht fitting covers, for 
membrane filter incubations 

Fluorescent lamp, with extension cord* 



Ring stand, with clamps, utility type ^ 



M'Endo 
Broth 



X 
X 

X 

• 

X 
X 
X 

X 
X 



X 
X 

X 

X 

X 



L.E.S. 
Coliform 



X 
X 

' X 

X 

X 

X 

X 
X 



X 

I 



X 
X 

X 

X 

X 



X 



Delayed 
Coliform 



X 
X 

X 
X 
X 

X 
X 



X 
X 

X 
X 



X 

"a 



Fec#l 
Coliform' 



1-2 
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X 

* X 
X 
X 

. X 
X 

X 
X 



X 
X 

X 

X 

X 



X 



' Fecal 
Streptococctis 



X 
X 

X 

X 

X 

X 



X 

X ' 

X 

X 



VerUied 
Tests 
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. Table I, EQUIPMbNT. SUPPLIES AND MEDIA (Cont'd) 



Total ColUorzn^ 






M-]g:ndo 


L,E.S. 


^Delayed 


Fecta 


Fecal 


Broth 


CoUform' 


.Conform 


Coliform 


Streptococcus 


X 


X 


X 


X 


X 


X 


X 


X 


X 










- 


) 
















- 








i 




_ 






























X 


- 


X 




















X 


X 


X 






i 




X 








X 










X 









Item 



VeriHed 
Teata 



Hand tally, single unit acceptable., • 
hand or^deak type (optional) 

Stereoscopic (dissection) microscope^ 
magnification of lODC'or 1SX« prefer- 
able binocular wide field type ' ' • 

Bacteriological inoculating i\eedle 

Wire racks for culture tubes, 
.10 openings by five openings pre- 
ferred, dimensions overall approxi- 
mately .5 cm 30 cm (6" x 12") 

Phe&ol Red 'Lactose Broth in 16 X- 
150 mm fermentation tubes witli 
metal caps, 10 ml per tube 

Eosin Methylene Blue Agar 
(Levlne) in petri'plates, prepared 
ready for use 

Nutrient agar slants^ in screw ^ 
c^pp^d tubes« 16 Xl26 nun 

Gnmoi^lrtain solutions^ 4 solutions 
per complete set 

Microscope^ compound^ binocular^ 
with oil thmiersion lens« micro- 
scc^e lamp and immersion oil 

\ . ^ 

Microscope slides, new, clean. 

Wate^ proof plastic bags 
for fecal -coUform culture 
dish incubation 

M-£ndo medium^ MF dehydrated 
medium in 25 X 95 nun flat bottomed ^ 
screw- c^^ped glass vlsds> 1.44 g 
per tvbe« sufficient for 30 ml of 
meditnn 

Ethanol^ 95% in small bottles or 
screw- capped tubes^ about 20 ml 
per tube 

Sodium benzoate solution, 12% 
aqueous^ in 25 X ISO sun screw- 
^ci^ed tube1i» about 10 ml per tube 

L*E* S, Endo A^r MF^ d^yjlrated 
M-Endo medium^ 0, 36 g'per 25 X 
95 mm flat bqttomed screw- aliped 
glass vial,, plus 0.45 g agar« for 30 ml 

Lactose lauryl Sulfite Tryptose Broth 
in 25 X 1 50'mm test tob e without ^ 
included gas tube« about 25 ml, for 
enrichment in L. E. S. method 



X 

X' 



X 
X 
X 



i 



2tl 
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Table I. EQUIPMENT, SUPPIIES AND MEDIA (Cont'cU 



ToUl CoUforjns 








MoEnda 


UE. S. 


Delayed 


Fecal 


Fecal 


Broth 


CoXiform 


Coliform 


Coliform 


Streptococcus 








X 
















* 

•* 




X 


« 










X 


X 


- X 


X < 


J 

X 


A 














X 


X 


X 


X 


X 


X 


X 


X . 


X 


X o 


X 


.X 


X 


X 


• 

< 











Item 



Verified 
Teat 



M-FC Broth for fecal coliform, 
dehydrated medium in 25 X 95 mm 
flat bottomed acreWyipped glaaa * 
viala, 1. 11 g per tube, axifficient 
for 30 ml of ciilture medium 

Rosolic acid, 1% aolutioo, in 
0.2^KaOH, in 35X150 mm flat 
bottomed acrew capped tubea, 
about 5 ml per tube, freahly 
prepared 

KF Agar, dehydrated medium in 25 X ISO mm 
screw -capped tubes, sufficient for ?0 ml«2,3g 
per tube 



DUutloa bottlea, 180 ml, preferable 
boro-alUcate glass, with screw- ' 
cap ioT rubber stopper protected v 
by pai>er), each contatnlng 99 ml 
of Bterile phoaphate -buffered 
distiUed water 
Electric hot plate surface 

Beakers, 400 - 600 ml (for water- 
iMth in preparaticm of membrane 
filter culture mema) 

Crucible tongs, to be used at . ^ 
electric hot plates, for removal 
of hot tubes of ctilture media for 
l>oiling waterbath 
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Deliver enough culture medivun to 
saturate each absorbent pad, using 
a sterile pipette. 

Exact quantities cannot be stated 
' because pads and culture containers vary. 
Sufficient medium should be applied so 
that when the culture container is tipped^ 
a good-sized drop of culture, medium 
freely drains cut of the absorbent pad. 

Organize supplies and equipment for 
convenient sample filtration. In 
training courses, laboratory instructors 
will suggest useful arrahgements; 
eventually the individual will select a 
system of bench-top organization most 
"suited to his own needs. The important 
point in'any arrangement is to have all 
needed equipment and supplies con- 
veniently af hand, in such a pattern as' 
to minimize lost time in useless motions. 

Lay a sterile membrane filter on the 
filter holder , grid- side. up, , centered ^ 
over the porous part of the filter 
support plate . \ . ' . ' 

Membrane filters are extremely 
delicate and easily dapiaged. For 
"manipulation, ' the sterile forceps 
should always grasp the outer part - 
of the filter disk, outside the part 
of the filter through which the sample • ^ 
passes. 

Attach the fimnel element to the base 
of the filtration unit. 

To avoid damage to the membrane 
filter Rocking forces should only be 
appli^at the locking arrangement. 
The funnel element never should be i 
turned or twisted while being seate^: 
and locked to the lower element of the 
filter holding unit. Filter holding units 
featuring a bayonet joint and locking 
ring to join the upper element to the 
lower element require Special care onW 
the part of the operator. ^'TTie. locking 
ring should be turned sufficiently to 
.give a snug fxt, but should not be 
ti^ened exc/issively. 



*10 aiake the sample thoroughly. 

11 Measure sample into the ftmnel with 
vacuum turned off. 



The primary objectives here are: 
1) accurate measurement of sample; 
and 2) optimum distribution of colonies 
on the filter after incubation. To 
meet these objectives^ methods of"^ 
measurement and dispensation to the 
filtration assembly are varied with^ 
different sample filtration volumes. 

a With samples greater than 20 ml, 
measure the sample with a sterile 
graduated cylinder and pour it into 
the funnel. It is important to rinse 
this graduate with 'sterile buffered 
distilled water to preclude the loss 
of excessive sample volvimer-LiChis 
should be poured into the funnel. \ 

b With san^^§ of 10 ml to 20 ml, 
measure the sample with a sterile 
10 ml or 20. ml pipette, and pipette 
on a dry membrane in the filtration 
assembly. 

c With samples of 2^1 to 10 ml, pour 
about 20 ml of sterile dilution water 
into the filtration assembly, then — 
measure the sample into the sterile 
buffered dilution water with a 10 ml 
sterile pipette. 

d With Samples of 0. 5 to 2 ml, pour 
about ?0 ml of sterile dilution water 
into the funnel assembly, then 
mea<9ure the sample into the sterile 
dilution water in the funnel with a 
1 ml or .a 2 ml pipette. 

e If a sample of less than 0. 5 ml is to 
be filtered, prepare appropriate 
dilutions in sterile dilution Water, 
and proceed as applicable in item c 

. or d above. 

^When dilutions of samples are needed 
always make the filtrations as soon 
as possible after dilution of the 
sample; this never should exceed 



NOTE: 



Mention of commercial products and naanufacturers do^ not imply endorsement 
""by the Office of Water Programs, Environmental Protection Agency. 
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30 minutes. Always shake sample 
dilutions thoroughly before delivering 
^ . measured volumes. . 

12 Turn on the vacuiim^ 

Open the appropriate spring clamp or 
valve, and filter the sample. 

After sample filtration' a few droplets 
of sample usualfy remain adhered, to 
t the fimne]. w£tlls* Unless these droplets 
are removed, the bacteria contained in 
^ them will be a source of contamination 
of later samples. (In laboratory 
practice the ftmnel umt is not routinely 
sterilized between successive filtrations 
of a series).'. T^e pui^pose of the fimnel 
rinse is to flush all droplets of a sample 
fr6(^ the fimnel walls to the membr^e 
filter « Extensive tests have shown that 
^ with proper rinsing technique, bacterial ^ 
retention on the funnel walls is negligible. 

13 Rinse the sample throu^ the filter . 

After. all the sample has parsed' throu^ 
the membrane filter, rinse down the 
sides of the fimneil walls with at least 
20 ml of sterile dilution water. Repeat 
the rinse twice after all the first rinse' 
hap passed-^through the filter. Cut off 
suction on the filtration Assembly, ^ 

.14 Remove the funnel element of the filter 
holding imit. 



If a ring stand with split ring is' used, 
hang the'funnel element on the ring; 
otherwise, place the inverted fmmel 
element on the inner surface of th^^ 
wrapping material. '^This requires 
care in opening the sterilized ^ckage, 
but it is effective 'as a^prptection of the 
fuhneLring from contamination. 



15 Take the membrane Alter from the ^ 
filter holder and car dhilly place tt^ 
"^"^ grid" side up on the medium; ' 

C!heck thaltno air biibbles have-been 
trapped between the membrane filter 
and;;the underlying absorbent pad or 
afiur* Relay tHe membrane If necessary. 



16 .PJace'in Incubator after finishing 
filtrat ion 'se r ies , 

I Invert the containers. The immejdiate 

atmosphere of the incubating membrane 
^ filter must be at, or very. near 100% 
- relative humidity; 

17 Coimt colonies which have appeared 
sffter incubating for the prescribed 
.time . 

A stereoscopic microscope magnifying-- 
10- IST times ancj careful illiunination 
giv^ best coxmts. ' 

For reporting results, the computation 

isi^ ^ - © c , 

■$ 

bacteria/ 100 ml = 

' No« colonies counted XlOO 
Sample volume filtered in ml ^ 

p 

ibcample: 

A total of 36 colonies grew after 
filtering a 10 ml sample. The 
number reported is: 



36 colonies 
10 ml 



X 100 360 per 100 xnl 



Report refihilts to two significant figures. 
Example: 

"A total of 40 colonies grew after 
filtering a 3 ml sample. 

ThiB calculation gives: 

40 colonies 



3 ml 



X IffO-^ 1333. 33 per 100 ml 



s 

But the number repoz*ted should be 
1300 per 100 ml. 
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n MF LABORATORY TESTS FOR 
COUFORM GROUP 

A Standard Coliform Test (Based on M-Endo 
Broth MF) i , 

1 Culture medium 

a M-Endo Broth: MF Difco 0749-02 
or the equivalent BBL M- Coliform 
Broth 01-494 

Preparation pf Culture Medium 
(M-Endo Broth) for Standard MF . . 
Coliform Test , 

Yeast e^ract • 1.5 g 

Ca^itone or equivalent . 5,0 g 

. - Thiopeptone or equivalent ' 5.0 .g^ 

Tryptoee^ ^ IQ. 0 g, 

lActose ' " " 12.5 g 

•^Sodium deso^QTcholate 0.1 g 

- , Dipotassiiifii phosphate • 4.375 g 

McHibpotassixmi phosphate 1.375 g 

* Sodiimi chlor^e • 5.0 g 

Sodiinfi lauryl siilfate ■ ^ ' 0. 05. g 
• Basic fuchsin (bacteriological) * 1.05 g 

\Sod^Tmi sulfite »; * ■ 2.1 ^ 

Distilled^ water (containing 1000 ml 

. 20.0 ml ethanol) 



This medium is available in. 
del^drated form and it is rec- 
onmiended that the commercially 
availabie medium be usedjin 
preference to compounding the 
ixiedium of its individual constituents. ^ 

. » 
To prepare the medium for use, . * 
suspend the dehydrated medium at 
the rkte of i8 grams per liter of 
w&ter containing ethyl alcohol at 
the rate of 20 ml per liter.** 

•* . ' ' * 

As a time-saving convenience, it is 
recommended that the laboratory 
worker preweigh the dehydrated ^ 
mediimi in closed tubes for severaj 
days, or even weeks, at one pperation. 



With this system, "a large munber 
. of increments of dehydrated medium 
(e.g., 1.44 grams), sufficient for 
some convenient (e. g», 30 ml) 
volume -of finished culture medium 
are weighed arTd dispensed into 
screw- capped %ultiu:e tubes, and 
stored until needed. Storage should 
preferably be in a darkened disiccator. 

' * A supply of distilled water containing 
20 ml stock ethanol per liter can be 
maintained. 

When the medium is to be used, it . ' 
is reconstituted by adding 30 ml of 
the distilled wate r -ethanol -mijctmre 
per tube of pre- weighed dehydrated 
cultxire medium. 

b> Medium is "sterilized" as directed 
inX C." 

c Finished mediurh can be retained 
up to 96. hours If Kept in a c<Stl, 
. dark place. Many workers prefer 
to reconstitute fresh medium dailyl 

Filtration and incubation procedures 

are as given in "I, D. * ; 



Special instructions: 

a For counting,, use the wide field 
- binocular dissecting microscope, or 
simple lens- For illumination, use^ 
a light soiurcet perpendicular teethe 
plane -of the membrane filter. A ' / 
'.^ srnall fluorescent lamp is. ideal for 
the purpose. 

b Coliform colonies have ar "metallic** 
surface sheen under reflected light 
which may cover the entire colony, or 
it may appear only in the center. Non* 
coliform colonies range from 
colorless to pirtk, but do not have 
* the characteristic c^een. * 

c -Record the coloi^ counts on the 

data ^eet, and c6mpute the coliform 
count per 100 ml of sample. 



.1 HJC 
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B Standard Colifoxln Tests (Based on L. E« S. 
Endo Agar) * 

The distinction of the L. E. S. ^oirnt is a 
* 'tw9 hoair enrichment incubation on LST 
brolh. M-Endo L»E«S. medium is used 
as agar rather than the'broth, 

1 Preparation of culture medium-* 
(L.E.S. Endo Agar) for L.E.S. 
coliforfn test- 

^ * ! ' 

a Formiila from McCarthy, Delaney, 
and Grasso 



< 

Ba cto- Yea st .Extra ct 


'1.2 g 


BactorCasitone \ 


3.7 g 


Bacto-Thiopeptone > 


3.7 g. 


Bacto-Tryptose 


7.5 g 


Ba cto- Lactose / . 


9.^4 g 


Dipotassium phosphate 


31.3 g 


Monppotassiimi phosphate 


1.0* g 


Sodium chloride 


3.7 g. 


Soditun defidxycholate 


0.1 g 


Sodium lauryl siilfate ' 


0.05 g 


Sodium, sulfite 


' 1.6 g. 


Bacto- Basic fuchsin 


0.8 ^g 


Agar 


^ 15 g 


Distilled water (containing 


lOOO'ml 


20 nil ethyLalcohbl) 





To re 
51 grams 
' solutioQ, 



5 hydrate the mediimi, suspend 
ams in the water-^thyl alcol^pl 



c Medium is "sterilized" as directed 
lnl> C. ^ 

d Pour 4-6jail of freshly prepared Agar 
into the wnaller half of the cofitainer. 
Allow the medium to cool and solidify, 

2 Procedures for filtration and incubation . 

a Lay out the culture qttshes In a row 
or serijBs of rowg'iitf usual. Place 
.these with the upper (li*d) or top 
•idi. dowir* ; . 



manipulations of the pads. 
(Agar OQCupies smaller half 
bottom). 



or 



c Using a sterile pipette, deliver 
enough single strength' lauryl 
sulfate tryptose broth to saturate 
the pad only. ^A void excess medium. 

. d Follow general procedures for 
^ ^ filtering in I, D. Place filters on 
* pad with lauryl sulfate tryptose 
broth. ' * ^ 

=e Upon corftpletion hi the filtrations, 
invert the^culturel coiitainers and 
incubate at 3 50 C ^r 1 1/2 to 2 
hoiirs. 

3 2-hour procedures 

a Tranfitfer die membrane filter from* 
the enrichment pad in the upper halfx 
.to the agar medium in the lower 
half of the container . Carefully , 
roll the membrane onto the agar 
surface to avoid trapping air 
bubbles beneath the membrane. 

b Removal of the used^absorbent*pad 
> is optional. 

c Th^jptfitainer is inverted and ^ 
incubated 22 heur9+ 2 hours + 0.5 C. 



4 Counting procedures are as in I, D. 



I 



L.'E. S. Endo Agar may foe used as a 
single-stage medium (no enrichment 
step) in the same manner as M-Endo 
Broth, MF. 



C Delayed Incubation Coliform Test 

This technique is applicable in situations 
where ther^ is an exces^ve delay between 
sample collection and plating. Th^ procedure 
is unnecessary when the interval be- 
tween sample c^ollection and plating is 
within acceptable limits; 



^ ER^ M 



Place one sterile absorbent pad in 
the larger half of each container 
(lid). Use sterile forceps for all 



^ * 1 Preparation of culture media for 
delayed Incubation cbliform test 



25G 



a Preservative media If-Btido Broth 
4)a8e 
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^To 3d ml^of M-Endo Broth MF 
prepared in accordance with 
directions in H, 1 of this . , 
outline, add 1. 0 ml of ^ sterile 
12% aqueous solution of sodium 
* benzoate. 

L. E. S. MF Holding Medium- , 
Coliform: Dissolve 12.7 grams in 
, 1 liter of distilled water* No- , 
heating, is necessa^r. Final pH 
7. 1 + 0, 1. .'IlTiis medium contains 
sodium t^enzoate. » 

b Growth media # 

M-Endo Broth MF is used, prepared 
as descrilied in II> A, 1 earlier in 
this outline • Alternately, L.E.S. 
Endo Medium may be used. 

2 General filtration followed is in I, D. 

Special procedures are: 

a Transfer the membf an^ filter from 
tli^iltration apparatus to a pad 
saturated with benzoated M-Endo 
.Broth. 



b^ 



Close the cultiu*e dishes and "holt 
in a container at ambient temperature. 
This may be mailed or transported 
to a central laboratory. Th^ mailing 
or transporting tube should contain 
-accur,ate_transmittal data sheets which 
t5orrespoi\d/to^r^erly~iabeled- dishes^. 

Transportation time, in the case of 
mailed conta iners, shoidd not exceed 
three days to the time 'of reception 
by the testingdaboratory. 

On receipt in the central laboratory, 
tmpack mailing carton, and lay out 
the cultiu^e containers on the labora- 
tory bench. 

Remove the tops from the oultur^^ 

containers. Using sterile forcepS'/ . 
remove each membrane ~and its 
absorbed pad to the other half of 
the culture container. 



ERLC 



e With a sterile p^ette or sterile 
absorbent pad, remove preservative 
* ■ medium from the culture container.-^ 

f Place a sterile absorbent pad in 
each culture container, and deliver 
enough freshly prepared M-Endo 
Broth to saturate ea9h pad. 

g Using sterile forceps, transfer the . 
membrane to the new absorbent pad 
containing M-Endo Broth, ^ Place 
the membrane carefully to avoid 
entrapment of air between^ the 

. membrane 'and the underlying 

( absorbent pad. Discard the 

absorbent pad containing pre- A 
servative medium, ^ 

h After incubation of 20 j* 2 hours 
, at 35<^C, colmt colonies as in the 
above . se ction A , 2 . 

i If L, E,S? Endo Agar is used, the 
steps beginning with (e) above are 
omitted; and the membrane filter is , 
removed from the preservative 
medium and transferred to a fresh 
culture container • with^L. E, Endo 
Agar, "^incubated, and c^^"^ 
counted in the usual 

D Verified Membrane Filter ColifOrm Test 

' This procedure applies^ to identification 
of colonies growing on-Endo-type media , 
used for determination of total coliform 

coun ts. Isolates from these colonies arfe ^ 

studieO^f^^gaF^prbduetion-fromJactose 
and typical coliform iporphology,* In 
effect, the procedure cprr:esponds*with 
* the Completed Test stage of the multiple 
* fermentation tube test for jcoliforms. 

Procedure: ( 

1 Select a membirane filter bearing . 
several weil-isolatecj^coliforih-type 
colonies*. 



Using ^terile tech^que, picM^ 
colonies in a sele.cted area with the 
inoculation needle, making transfers 
into tubes' of phenol red lactose broth 
(or lauryl sulfate tryptose lactos^i 
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broth>. Using an appropriate data 
sheet ,re^ord^the inteiTpretation of 
ach colony, using, for instance, 
for colonies hOiVing the typical^ 
cOTor and sheen of coliforms; "NC" 
for colonies not conforming to 
goliform colony appearance on * 
Endotype media. . 



3 Incubate the broth tubes at 3 5° C+ 0. 5 C. 



4 At 24 hours: 



a Bead and record the results f^om 
the lactosp "broth fernientatiori tubes. 
The following code is suggested: . 



No Indlcatioft of acid or gas ^ 
production, either with or 
without evidence of growth. 

V Evidence of acid but not gas - . 

(applies only when a pH indicator 
is included in the broth medium) 

J • Growth with prodiTction of gas. 
^ If pH indicator is used, use 

* symbol AG to show evidence of, 
acid.- Gas in any qxiantity is a 
positive test. 

b Tubes riot showing gas production af e 
returned to th^35oc incubator. 

c Gas-positive tubes are transferred 
as follows: 

1) Prepare a streak inoculatiqn, on 
EMB agM ^fbr colODjH^^ 
ufling the saxM oufktire. 

2) &ioculate a nutrient agar slast.t 

•J . ^ ^ - - /' 

3) Incubate the EMB agar plates and 
slants ai 35o Q + o. 5°C. 



5. At 48 hours: ^ 

a Read and record results of lactose 
' broth tubes which were negative at 
24 hours and were returned i^or 
further incubation.^ 



b Gas-positive cultures are sidijected 
to further transfers as in 4c.^ 
^ * Gas-negative cultures are discarded 
without further studjr; they are 
col&orm- negative. ^ 

c Examine the cultures transferred 
to EMB agar plates and tc^ nutrient 
agar slants, as follow^s^* 
• * 

1) Examine the EMB agar plate for ^ 
evidende of purity of culture; if 
the culture represents^more than 
one co]pny type, discard the 
nutrient agar culture and reisolate 
each of the representative colonial 
tj^es on the EMB plate and resume 
as with '4ti for each isolation. ^ 

K purity of culture apj)ears evident, 
'Kiontinue with c (2) beiow. 

2) Prepare a smear an^Gram stain 
from each nutrient»agar slant 
culture. The GJram stain should 
be made on a culture not more 
than 24 hours old. jExstiiiine, under 
oil Immersion fot typical colifotm 
morphology, and-recorcj results. 

6 At 72 hours: 

* Perform procedures described in 5c 
above, and record results. 

* *' 

7 CoU/orm colonies^are considered 
verified if the procedures demonstrate 
a pure^lSSLture of bacteria whiqh are 
gram negative nonspo re- forming rods 

' aJidj5roduce gas from lactose at 350C 
within 48. hours. 



E Fecal Colifonii Coimt (Based on M-FC 
Broth Base) , ; 

The count depends upon 'growth on a^ 
special medium at 44. 5 ;f 0. 2°C'. 

1 Preparation of Culture Medium 
(M-FC Broth Base) for Fecal ^ 
Coliform Count 



Detailed Membrane Filter Methods 



a Ck)mpo«ition \ , ^ 

. tryptose ^ "'^ 10. 0 g 

Proteose Peptone No. 3 , • 5 . 0 g 
Yeast extract ' / .'3*:0 g 

~ Sodium chloride. * 5, Q g 

. Lactose ' ^ " • 12, 5 g 
Bile salts No. a, . 

Rosolic acid* (Allied ' ^ Ao.O ml 

Chemical) 

Aniline.blue (Allied CherrfitaJ) 0. 1 g 



Distilled water 



1000 ml 



b T6 prepare the medium dissolve , 
37. 1 granis in»8P liter of distilled 
water which contains 10^1 of 1% 
rpsolic acid-t(prepared in 0. 2 N 

' NaOH). 



Filter membranes for fecal colifo^m 
counts pqnsecutiveiy and immediately ^ 
place them in tiveir culture. containers. 
Insert as many as 'six cultiu:e containers 
all oriented in the same way (i. e, ; all • 
grid sides facing the same direotion^ i 
•nto the sacks and seal. Tear off fhe " 

perforated top, .grasp the side wires, 
• arid twirl the saclj to roil the open end 
inside the folds^f sack. Then submerge 
the sacks with culture containers in- 
verted beneath the svirface of a 44. ,5 
+ 0.2 C w'aterb^. ^ . * 

<» t IncUbate for ^2 +«^hours. - 
5 Counting proc^dureQ ' ' 
^^Examine and count^'colonies as foUoWs: 



Fresh solutions of rosblic acid give 
best tesults. Discard solutions 
which' have changed from dark red^ ^ 
to orange, d( * 

^ g:,c To sterilize, heat to boiling as 
directed' inf I, C« ' ■ . 

d Prepared mediiHOT may be retained 
^ ' • up ^o 4 days in the dark at 2-8o C. 

2 Special supplieV . J > 

Small water proof. plastic sacl^ capable 
. .of beipg sealed-against water ^ith 
^cape^ty crf'3^to 6 6u]^we ^ni^ineri. 



I 



" ^ Use a wide field binocular dissecti|^g j 
^microscope^with 5«- 1 OX magnification. 

b Low angle dieting from the side is 
advantage6us.* 

©v Fecal coliforni colonies are blue, 
J ' generally* 1- 3 n^im in diameter. , 



d I^ecbrd tl^e colony counts on th*e ^ ^ 
^"" Hataa sheet, and report the fecal 
^colifo^m coupt per lOQml of sample. 
'(I,»D,^ 17 illustrates, niethod) 



>5 



V; 



m ^^TESTS P'Ofl FECACSTREPfOCOCCAL 
V GROUP* MEtel^N^FliT^^^ METHOD 



ar Filtration procedure^ are as giVen 

l^ T^t.*^ ^ t \ ' A 4 i3 hour incubation period on a choice bi 

• ' 7*!f*v \, ^ , two different media, giving Mgh' selectivity 

4 Elevate^f temperature ipcuBation^^ ^ for fecal streptococci, -Sre the ^stlnctive . 

< / ^ * ^'^ • ' ^''^ •* ' features of tiie ^es^s. 
a Tlace leJcal colUorm cdli^'me^ 

bfanes at 44. 5 + 0. ?^ as nu^<£|y' 



a^'pftssible..'*^ 



*Prepar^ 1% soluffbn^of rosollc acid in 6/2 N Naf>H. This dye l§ ^tactically insoluble in'tvater. 



\ 



J*" 
ft 



s • 
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Dtailed Membrane Filferltlethods 



A 'Test for Mem]3er3 of Fe9al Streptocopcal 
Groiq[> based on KF-Agar , 

1 Preparation of the culture medium 

a Formula: (The dehydrated -formula 
of Bacto 04&6 is 3hown, but 
equivalent constituents from other 
sources are acceptable). Formula 
is in grams per liter of reconstituted 
mediimi. 

, Bacto proteose peptone #3 * ^. . 10.0 g 
Bacto yeast extract ' 10. 0 —g 
Sodium chloride (reagent grade) 5,0 g 



Sodium glycerphosphafe 
Maltose (CP) 
Lactose (CP) 
Sodium azide (Eastman) 
Sodium carbonate » 

(Na^COg reagent grade) 
Brom ere sol purple ^ 



(water soluble) 
Bacto a[gar 

b Reagent 



/ 



10.0 g 
20.0 g 
1.0 g 
0.4 g 
0. 636 g 

0.015 g 

20.0 g 



2* 3» tetrazolium 
chioride :flBiint (TPtC) 

This reagetit is prepared by maki'^g 
a* l%:aqueous solution of the above 
chemical passing it throu^' a Seit^ 
filter or membrfiine filter^ It cto * 
bje kept in the refrigerator .in a, 
screw-camped tub^ until used.' 
/■ * • ' * 

0 ' The Sehydrafed medium-dfescrihed 

' abbve' is prepared for laboratory 
' use as follow^: ^ • 
. ^ < ^. * . > 

' Suspend 7. 64 grams of the dehydrated 
mediimi In 100 5nl of distilled water ^ 
in a flask with an alxmiinum foil 
-'cove^^ 

Place the flask in a boiling water- 
bath, melt ti^e delqrdrated medium, 
and feaVe in the boiling jvaterbath 
"an addional 5 ininuteB.. \ ^ 

Cool the medium to^ 500-6 OOC, add. 
1. 0 ml of the TPTC reagent, and ^ 
* 



For membrane filter, ^rtudles, pour * 
0-8 ml in each 50 mm glass or 
plastic culture dish or enough to * " 
mak^ a layer approximately 1/8" " 
thick, ► Be qure to pour plates before 
agar^ools ^d solidifies, * 



'For plate counts^ ' 
agar plate counts. 



!>ur as for standard 



NOTE: Plastic dishes containing 
media may be stored -in a dark, cool 
place up to 39 days without changie 
in productivity of the medium, pro- 
vided that no Rehydration occurs, 
' Plastic dlshe^ may be incubated in^ 
an ordinary ait incubator . Glass • 
dishes must be incubated in an 
• atiyioi^phere with saturated hiimidity. 

Apparatus, and materials as given in 
Table 1. 

•General procedure is as given in I. 

•\ » \ . 
• Special instructions * ^ * 

- i Incubate 48' hours, inverted with ^ 
100% relative humidity after 
filtration. ' * 

r * ' 

b A^tpr incubation, remove the 

cjultures from* the incubator, ayid ^ 
^ cotmt colonies under wide field 

binocular dissecting microscope, * 
• with magnlf icatipn set at 1 OX or 

Fecal streptococcus colonies 
are pale pink to da^k wine- color. ^ 
In "size they -pange front barely • 
^ visiblejo-a^roximately 2mra in 
^ diamejterr Colorless colonies are 
riot coxmted. 

. • ■ ■• { 

c Report feqal (^reptococcus count' 
per 100 ml of ^ample. This is 
v'computed as follpws: 



No. fecal sti^eptocoQci per 100 ml 

No^ fecal strept^Tcoccus colonies XlOO 
Sample filtration volume in ml ^ 
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Detailed Membrane Filter Metho'ds 




B Verific^on of Streptococciis CtolonieB 

erification of colony identification . 
maybe required ii^waters containing 
large ixumbbrs. of Micrococcus^orga- 
rdsms. This has been noted 
particularly with bathing waters, but 
t^e problem is by no means limited to 
f such waters. ^ 

2» A verification procedure is described 
in "Standard Methods for the Examination 
of Water and Wastewater" 14th;edy 
'(Iff? 5).^ The wor5eF~ should. use^ 
this reference for the step-byr 
— step procedure, 

IV PRCXiEDURES FOR USE OF MEMBRANE 
FILTER FIELD UNITS 

. C • ' 

A Cultxu7e>redla ^ ' , • 

1* The standard coliform media used with 
labor^ajtory tests are used, ^ 

2 To simplify field operations, it fs 

^ suggested that the medium be sent to 
the field, prewei^ed,- in vials or 
capped cultxire tubes; The medium 
c* then requires only the addition of a 
suitable volume of distilled waiter- ^ 
ethanol prior to sterilization, 

3 ^Sterilization, procedures in the field 

> ' are the 'same aa for laboratory methods. 

4^ llaBoratory preparation of trie toedia, 
^ \ ready for Use, would be permissible 
4)rovlded that the required limitjttions 
* on time and conditions of storage are 
me|» . ^ • 

Operation of Mll7fpore Water Testing. JOt,'' 
Bacteriological . ' ' * • 

1 Supportmg supplies and equipment are 
"**^the sam^, as fgr tiy^ laboratory , > • 
procedures. ^ f 

2^et the incubator voltage ^elector ' ' ' - 
switch to the volts^e of. the available 
supply, turn on th6 unit, and adjust ?s 
necessarjr to establish opex^tlhg* , 
* incubator temperature at 35 + 0* 5o C. 



Sterilize the funnel unit assembly by 
exposure to formaldehyde-^S^r by 
immersion in boiling water,. If a 
laboratory autoclave is available, this 
is preferred* 

Formaldehyde is produced by soaking 
an^asbestos ring (in the fimnel b^se) 
with methanol, igniting, and after a 
few seconds of burning, cldsing the 
unit by placing the stainless steel ^ a 
flask over the funnel and base. This 
results in^incomplete combustion of 
. the methanol, whereby formaldehyde 
is produced^ Leave the unit closed 
for l5 minutes to aHow adequate 
exposure to formaldehyde. 

4o FHtration and incubation procedures 
correspond with laboratdry. methods, 

• t> 

5 The unit is supplied with a booklet 
containing detailed step-by- step 
operational procedures. The worker 
using the equipment should become 
completely versed in its contents and 
application. 

C other commercially available field kits 
\ should be used a^acording to nianu- 
facturer*s instructions. It is emphasized 
that the required standards of j)erformance 
are'manditory for field devices as for 
laboratory equipment. ^ 

0 rountixi^of Colonlea on Membrane Filters 

1 Equipment and materials 

.Membr^e filter cultures to be 
escamined 

Illumination source „^ 

Simple tens, 2X to 6X nEiagxiification 

Hand tally (optional) l _ / . - 

. * 2 .3?r0<ie.du^e ^ . , 

. a . Remove the' cultures fro^.the ' 
. incubator ^d*arrange them' in- 

^^•nmnericaLsequence. . . ^ - 



ERIC 



i 
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Detailed Membrane Filter Methods 




Set up illiunination aourcft as that 
light .will originate from-an area 
perpendictilar to the plane of 
membrane filters being examined. 
A szriall fluorescent lamp is ide^ " 
for the purpose. It is highly 
desirable that a simple lens be 
attached to the light soiirce. 

llxamine restilts^ Comt all coUiformi' 
and nonconform coloMes. Coliform 

and noncoliform colonies, Coliform' 
colonies have a "metallic" siirface 
sheep >under reflected li^t, which * 
may cover the entijre colony or may 
£^pear only on the center. 
Noncoliform colonies range num 
colorless to pink or red, but do not 
have the characteristic "metallic" 
sheen. 



Enter the colony counts in the data 
sheets. 

Enter the coliforkn count per 100 ml 
of sample for each membreme having 
> a co^^atable number of coliform 
colonies. Computation is as follov^: 

' ' _ ^ 

No.^ coliform per 100 ml' = 



2 McCarthy, J. A., Delaney, J.E. and 

Grasso, R. J. Measuring Collforms 
:in Water; Water and Sewage Works. 
1961: R-426-31. 196.1. 



This outline was prepared by H; L. Jeter, . 
former Chief, Program Support Training 

branch. National Training and Operatioind^ 

Technology Center, OWPO, tJSEPA, I 

Cincinnati, Ohip 45268 

Descriptors; Biological Membranes^' 
Coliforms, Fecal Coliforms, Pecal 
Sitreptococci, Filters, Indicator Bfcteria, 
Laboratory Equipment, Laboratory tests, , 
Membranes, Microbiology, Water Analysis 



No. coliform colonies on M^ 
No. milliliters sample filtered 
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